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Description 

[0001] The invention relates to a method for per- 
forming a hinction or an operation involving a material, 
in particular a non-gaseous material such as a biologi- s 
cal material sutijected to a sdentific investigation, under 
a gaseous atmosphere in a closed chamber. The inven- 
tion also provides a new princ^e for avoiding pollution 
t)y gaseous materials and airtxHTie particles from a suk>- 
stantially closed space, such as a workt>ench or work- 
station, to the environment, or from the environment to 
the closed space. 

[00Q2] The invention also relates to a housing, in 
particular for housing bidogpcal material in a gaseous 
atmosphere whDe an operation involving the material is 
performed, such as a worM:>ench, an incii)ator, or a 
workstation comprising one or several incut>ators in 
combination with a work space or workt)ench. 
[0003] In addrtk)n the invention relates to a gar- 
ment, in partk»lar a glove comprising a flexible double 
layered structure defining a space contairung a gaseous 
atmosphere. 

[0004] The invention is applicat)le in various fiekJs 
where transfer or gaseous materials from a ck)sed 
space to the environment or from the environment to a 
ck>sed space is undesired. One prior art exanple is 
document US-A-3251 139, defining the closest slate of 
th art 

BACKGROUND OF THE INVENTION 

[0005] Scientific groups fiave shown that various 
gas pressures may have an effect especially on reaction 
of immune cells towards tumour cells (J. Immunol. 
138:550;1987), and more generally on the bioio^cal 
reactk)n forms off various cells (Science 257:401 ;1992, 
Nature 288573:1980). 

[0006] Woridng with biological systems in which a 
determined gas partial pressure is to be maintained is 
extremely difficult if proper proviston is to be made for 
the heafth of the system operator. 
[0007] It has been shown that even a moderate 
modification of the partial oxygen pressure of cells will 
influence the general functions of the cells and the 
physiological conditions in whk;h the ceils are exam- 
ined. This entails ttiat presently, the in vitro conditions 
under which various physiological cells functions are 
investigated are not optimal for imitation of in vivo pfiys- 
ido^cal conditions. Furthermore, in connection with 
.g. incubation for production of cells or cell products, 
th conditions which are optimal for the production may 
differ significantly from the environmental conditions 
e.g. with respect to oxygen partial pressure. In adcfition. 
in the presentiy used work benches, alternating and var- 
iable oxygen partial pressures will prevail whrch means 
that experiments peribrmed therein will be subject to 
uncontrollable experimental variations with respect to a 
major parameter. It wouM ther^re be extr mely valua- 



ble to have incubator walls, wori4>enches, and other 
equipmerrt for biological material that make it possit)le to 
work with completely fixed gas parameters during the 
entire experiments. It would also be highly valuable to 
have biological stati ns in whk:h incii>ators and work- 
benches are ooi^led such that all handling of biotogical 
material takes place at constant gas partial pressure 
without any safety hazards such as contamination to or 
from tfie surrounding environment. 
[P008] In e.g. hospitals v^ere patients are sub- 
jected to general anaesthesia, the environment of the 
patient is often contaminated by the volatile anaesttiet- 
ics, resulting in a considerable risk of endangering the 
health of the hospital personnel working in the of f iekJ of 
surgery. Therefore, avokling escape of gases from the 
anaesttietic equipment to tiie environment would be 
desiratrfe. 

[0009] Furthermore, wittiin the welding and elec- 
tronics industry (e.g. microchips, and littiium batteries) it 
is often desired to operate witii a determined gas partial 
pressure when working with specific materials such as. 
e.g.. silver, silidum, aluminum, lithium and copper. The 
present invention makes it possible to obtain a protec- 
tion, not only of the operator himself and against pollu- 
tion of noxious gases to the environment txit also of the 
processed material against active oxygenating gases. 
[001 0] It appears from the explanation given atx>ve 
that it is desirak)le to obtain specific conditions within a 
closed chamt)er witti respect to ttie total gas pressure of 
a gas, or witii respect to the partial pressure of a gas 
species, or with respect to the ratio of two or more gas 
species present in a mixture in a flow k>ench. fume box, 
sterile box or other working cfiamt)ers. 
[001 1 ] In experinr)ental work with biological material 
such as cell cultures, bacteria, spores, virus, bkNogic or 
synthetic DNA or RNA, etc. it is important that the envi- 
ronmental, physical concfitions can t>e controlled in 
order to secure tiie nfx>st favourable conditions for the 
experimental work Accordingly, in some experimental 
situations, it is desirable to keep the conditions on 
extreme levels compared to the natural environment of 
the biological material or compared to the normal envi- 
ronment wherein the experiment is performed. In other 
situations, it is of importance to keep the experimental 
conditions within very narrow limits. The control of 
known variat)le parameters when working with tMOlogi- 
cal nriaterial is a desirat)le and important task since the 
consequence of even small differences in each experi- 
mental trial might lead to an increased variation within 
the results and more data will ttierefore be needed to 
obtain the same statistical evidence from the results. 
[001 2] The biotogical function of all cells are based 
on the ability of the cells to keep cOfferent compartments 
separated and thereby obtaining different physical envi- 
ronments for the cellular processes. By such separa- 
tion, the living cell makes it possible to m^ntain 
concentrations of constitu nts which differ from th con- 
centration in th surroundings of the particular oompart- 
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fnent. 

[001 3] When biological material, e.g. for experimen- 
tal use. is renrK3ved from a nrulticellular organism, there 
are several factors which need to be artificially control- 
led. Such factors which are normally artificially control- 
led in experimental use include humidity, acidity, 
temperature, nutrients, gas components, and gas pres- 
sure, total as well as partial gas pressures. Traditionally, 
however, in work with cells such as mammalian cells, 
the gas phase has been allowed to reflect ambient air, 
except when cartxxi dioxide has t>een added to cultures 
or living cells to affect the acidity of the system. How- 
ever, it is well known tfiat tiie partial gas pressure or the 
molar concentration of gasses in the environment of the 
individual cell inside a living organism is different from 
arxj has an other composition than that of ambient air. 
[0014] When working with biological material in the 
laboratory, various attempts have been made to achieve 
desired physical conditions with respect to partial gas 
pressure of a gas species and total gas pressure. Posi- 
tive and negative total gas pressure systems are two 
distinctiy different principles used for known latx)ratory 
work spaces which will be described in greater detail in 
tiie following: 

IfiOiSl One strategy for establishing a partial pres- 
sure of a gas species in a woridng space is by flushing 
the woridng space with the desired gas composition. In 
connection with tiiis. either a higher Ox>sitive) total gas 
pressure or a tower (negative) total pressure is estab- 
lished in the working space conrpared to the total pres- 
sure of the surroundings of the working space. The 
separation between the working space and the sur- 
rounding space is estat)lished by means of a wall, the 
main part of which may be made of a material which is 
substantially Impermeable to gas. but it is almost impos- 
sible to seal the working space completely to gases 
present in the surrounding space because rt is normally 
necessary to manipulate the material in the working 
space, ttius necessitating the use of transparent poly- 
meric materials tiirough which many gasses are able to 
diffuse. Also, varfous types of lead-ins through the wall 
such as glove lead-ins and means for gas supply, gas 
exchange, etc, are needed for a sufficient handling of 
the material within the work space, txjt such lead-ins 
tend to aUow at least a certain mixing of gas present 
within tiie working space arxi gas present in the envi- 
ronment. 

[0016] The most effective way to ot>tain a tight 
working space is t^y use of a closed space having walls 
consisting of stainless steel wherein all connections of 
the steel are welded, whereby only a minimal gas trans- 
port tiirough the walls is possit)l& However, for all prac- 
tical uses, such a construction will not fulfil the normal 
requirements for manipulating the material in the cham- 
ber at a reasonable level. Lead-ins will still be required 
and cannot be completely gas-tight, and a solid stain- 
less steel wall cannot possibly comprise a transparent 
wall allowing inspection of th working space. 



[0017] in US Patent Ho. 4.026.286 an isolator is dis- 
closed wherein an isolated environment at a higher 
pressur ttian tiie ambient environment has a transfer 
port whk;h comprises a f lexilsie sleeve leading from an 

5 opening in tiie isolator. The purpose of tiie sleeve is to 
produce a sut)Stantially planar norvturtxilent flow in tii 
air leaving tiie isolator through the opening whereby 
unsterilized air flowing back to the isolator Is avoided. 
[0018] Thus, when woridng in practice witii a posi- 

10 tive gas pressure in the working space, there is a con- 
siderable risk of contamination of the surrounding 
environment and the persons working in the surround- 
ings by the gases or t>y airt>orne particles deriving from 
wittithe material handled in the working space. 

15 [001 9] By using a negative pressure in the working 
space, the risk of contarrartation of the surrounding envi- 
ronnrient is avoided; however, there is an increased risk 
of contamination from the environment to tiie material to 
be handled. 

20 [9020] lnGB-A-1201748atiBnsferlockisdisdosed 
comprising a sealing-tight chamber which is closed tyy 
two removable doors, one door connecting the lock to a 
sealing-tight vessel and the other door connecting the 
lock to the space oulskle the vessel. The transfer lock 

25 comprises a scavenging air ventilation circuit whose 
output dtrectiy supplies the vessel. 
[0021] In US patent No. 5.022,794 a tight insulator 
is disclosed from which it is possa)le to rapklly dis- 
charge objects under an overpressure by placing the 

30 object in a discharge tut>e and opening a door sealing 
the discharge tube, whereby an air ftow is directed 
tiirough tiie tii>e towards the outside of tiie insulator as 
a result of the overpressure witiiin ttie insulator, thus 
counteracting entry of air from the outside into the incu- 

35 bator; a further measure against such entry of air is suc- 
tion from an exhaust pipe connected to the discharge 
tube and creating a suction action in the immediate 
vicinity of tiie door. A procedure parallel thereto for 
inserting objects rapidly into an insulator under vacuum 

40 by use of an introduction tube connected to a ventilation 
drcurt is also suggested in the patent. 
[0022] When working witti a negative pressure 
cfianrt>er as desaibed atx>ve tiie present inventors have 
experienced ttiat in situations wherein a low oxygen par- 

45 tial pressure is desired it is only possible to obtain a con- 
stant oxygen partial pressure down to 3 Kjpa since 
gases from tiie surroundings will diffuse towards the 
working spaca If tiie operation cost are to be kept at a 
reasonat)le level, it is only possible to maintain a con- 

50 stent oxygen partial pressure down to 6-7 Kpa. Further- 
more, atthough incut>ators where oxygen tensfon can 
be set and kept at values down to atx>ut 3 kPa exist on 
the market the necessary opening of the incut>ator5 for 
inserting, removal or manipulation of cultures immedi- 

55 ately results in the oxygen pressure of ambient air. It is 
known that sudden changes in oxygen tension espe- 
cially tiie reoxygenation process may be harmful to th 
cells arxJ have influence on the biological processes of 
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the cells. 

[0Q23] Another possibinty for controlling the oxyg^ 
tension in cultures is prcvided t)y bioreactors or fermen- 
tors where several factors such as oxygen tension, pH 
and tenperature are monitored and controlled by com- s 
puterized control systems. The replacenoent of medium 
is here possil^le without opening the container. How- 
ever, it Is impossible to peilorm more elaborate manipu- 
lations of the ceDs without breaking the insulation and 
thus the constant environmental conditions (gas molar 10 
concentrations), and thereby expose the cells to the 
high oxygen tension of ambient air. 

DESCRIPTION OF THE INVENTION 

15 

[0024] According to one principle, the present 
invention relates to a dosed space such as a housing 
which is separated from the environment of the closed 
space by an intervening space which sut>stantially 
encloses the closed space and which permits establish- 20 
ing and controlling or maintaining different gas condi- 
tions between the closed space and the environment 
both with respect to the gas composition and gas pres- 
sure and with respect to exchange of gas between the 
interior of the closed space and ttie environment 25 
[0025] In the present specification and claims, the 
term *'sut)stantially endoses" or ''sut>stantially enclos- 
ing" indicates that the intervening space endoses the 
closed space substantially completely, and pretererably 
completely, with the possible exception of areas where 30 
the wall of the closed space is of such a character that rt 
in practice is tight for all relevant gases under the rele- 
vant conditions of use and where, accordingly, the inter- 
vening space would not contribute to controlling or 
maintaining a desired gaseous atmosphere in the 3S 
closed space in accordance with the prindples dis- 
closed herein. In practice, such gas-tight wall parts 
would be wall parts made in a construction and of a 
material which is practically impermeable to ^ses 
present in the closed chamber or in the surroundng 40 
atmosphere. From this it appears tfiat leads, connec- 
tions or welded part should preferably not be present in 
such wall parts. It will thus t>e understood that most 
leads and connections to and from the inner chamber 
will necessarily pass through the intervening space 45 
enclosing the dosed space. 

[0026] The intervening space makes it possible to 
maintain a given constant gas partial pressure of a gas 
spedes in a sid^stantially dosed space such as a hous- 
ing, chamber or container which the intervening space so 
endoses. By forming a barrier between two spaces l>y 
means of an intervening space, undesired gases, parti- 
des. matters or microorganisms can be prevented from 
passing between ttie spaces which are separated by 
the intervening space. As explained in greater detail 55 
t)elow, the intervenir^g space will normally contain a 
lower molar concentration (corresponding to a lower 
partial pressure) of a seleded gas spedes than the 



molar concentration of the gas spedes which is desired 
in the dosed space whk;h the intervening space sur- 
rounds, aixJ furthermor , the intervening space will nor- 
mally hav a total molar concentration of gas (one or 
several gas spedes) which is kawer than in both ax^a- 
cent spaces. Compared to the situation with ut the 
intervening space, the equilibration of one or several 
selected gas spedes between the dosed space and the 
surrounding atmosphere (normally air) is prevented or 
counteracted by having a tewer molar concentration of 
tfie selected gas spedes in the interverv'ng space than 
in any of the spaces whk;h the intervening space sepa- 
rates. 

[0027] The intervening space is constituted by a 
doMe wall penetrated by leads between the environ- 
ment and the inner working space. The intervening 
space itself may also be equipped with lead-ins and 
lead-outs for the supply and removal of gas and with 
means for measuring the content of gases and means 
for adjusting gas pressures in the intervening space. 
The inner work space whk^ is substantially endosed by 
tiie intervening space may also be equipped with 
means for measuring total gas pressure and/or the par- 
tial pressure or concentration of a gas spedes content 
and means for ac$usting the total gas pressure or the 
partk:al pressure or concentration of a gas spedes. e.g. 
in response to the measurements by the measuring 
means, whereby a desired total gas pressure or a 
desired partial pressure of a selected gas spedes can 
be obtained and maintained in the working spaca 
[0028] Thus, according to the Invention, a desired 
or predetermined partial pressure of a gas spedes can 
be maintained in the inner dosed space of two spaces 
which are adjacent to each other except for the interven- 
ing space and which have different partial pressures of 
one or several selected gas spedes and/or different 
total gas pressures, and the transfer of gas compo- 
nents, partides or noxious matters, e.g. health damag- 
ing matters or ottier contamination can be avokJed 
between these adjacent spaces. (In the present specifi- 
cation and daims, the term "contamination" is to t>e 
understood as designating any pollution, partide. gas or 
organism which is not aimed at or desired to be present 
in the environment in which it appears (which it contam- 
inates)). 

[0029] This combined goal is achieved by means of 
two prindples: 

1) By aeating a smaller total gas pressure in the 
double wall than in botii the work space and ttie 
surrounding space. 

2) By creating a smaller gas partial pressure for a 
gas spedes in ttie double wall than the partial pres- 
sure of ttie gas spedes desired in ttie work space. 

[0030] (In the present specification and daims. the 
term "work space" or forking space" designates the 
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space/^oom in which an operation (that is, work, experi- 
ment and/or incubation, cf. the discussion of the term 
"operation" below) is carried out. this being, in the cases 
relevant to the invention, at a particular given or prede- 
termined gas partial pressure or gas composition which 5 
is different from the surrounding space or air atmos- 
phere.) 

Re 1) Estat}lishment of a total gas pressure within 
the intervening space of the double wall which is 10 
lower tfian tx)th the total gas pressure in the work 
space and the total gas pressure in the surrourxling 
space creates a flow by nrteans of which unwanted 
partide contamination of both the work space and 
the surrounding space is avoided, because the par- is 
tides will be led between the inner part of the dou- 
ble wall of the intervening space towards filters or 
other suitable means aixi thereby evacuated from 
the space; in other words, tfiere wiD be no direct 
f tow between the two spaces surrounding the inter- 20 
vening space/housing. 

Re. 2) The partial pressure of a selected gas spe- 
cies within the intervening space of the double wall 
shoidd preferably - and in nrx)st embodiments of the 25 
invention: must oorrpulsorily - be kept lower than 
the gas partial pressure of the gas species which is 
desired in the work spaca This is of special impor- 
tance when the selected gas species is one which 
is present in the ambient atmosphere at a partial 30 
pressure exceeding the desired partial pressure in 
the working space. By flushing the inner space of 
the double wall with a gas meeting the above-men- 
tioned specifications, or othenwise securing a tower 
partial pressure of the selected gas species in the 3S 
inner space of the doMe wall, and t>y supplying the 
working space with the desired gas composition, a 
constant partial pressure of the selected gas can be 
achieved in the working spaca 

40 

[0031 ] Thus, there is no undesired or uncontrollable 
diffusion or flow t>etween the work space or housing and 
the sunrounding space but only from the work space or 
housing to the double wall, and from the surrounding 
space to the inner space of the double wall, respectively. 4S 
[0032] One use of the invention is preventing unde- 
sired gab combinations, such as explosive composi- 
tions, to occur wittiin a space by separating the space 
from an outer space t>y an intervening space and as 
mentioned akx)ve preventi'ng undesired mixing of gases so 
or controlling ttie ratios of the gas species present in a 
gas mixture within the working place or in the double 
wall according to the above princtpla 
[0033] In the present specification and claims, the 
term "gas pressure" refers to total gas pressure as well 55 
as partial gas pressure of a gas spedes if not othenwise 
specified. A partial gas pressure of a gas spedes is the 
pressure of the gas spedes in a gas mixtur whtoh the 



gas spedes wouMaeate if it were the sole gas spedes 
present in the same volume as the gas mixture. The 
total gas pressure of a gas (gas mixture) is the sum of 
the partial gas pressures of the gas spedes present in 
the gas (the gas mixture). 

[0034] The term 'one or several gases" is intended 
to designate one or several gas streams or rather one or 
more gases from one or more gas supplies, each of 
which may be provide either a mixture of gas spedes or 
a sii)stantial!y pure gas spedes; in other words, in the 
present specification an daims, the term "gas" is distinct 
from "gas species". 

[0035] "nie experience of the inventors from testing 
known technotogy in the f ieM of laboratory equipment 
for working with low partial pressures of gas spedes 
which are also present in the atmosphera shows that 
no space can t>e estat)lished in such a way that the 
space is completely gas-tight. Thus, there will always be 
a diffuskxi gradient (Cf. Pick's law) across the walls of 
the space, espedally where the walls are nriade from by 
materials not completely impermeable to gases and 
where the inlets and outiets to or from flie space are 
sealed to the walls. 

[0036] The transport of gases between two sepa- 
rated spaces delimited from each other by means of a 
wall or barrier can t>e expressed by diffuskxi of gas 
through the material defining tfie barrier between the 
spaces by Pick's law: 

X5C^/x = constantXC^ 

[0O37] In which is the diffusion coefficient for a 
gas spedes, ag.. oxygen, in the material which the gas 
passes through. 5Ci is the difference in concentration 
between the two sides of the wall or barrier, fix is tfte 
thickness of the wall or barrier, and Ci is the concentra- 
tion of the gas in one of the spaces. 
[0038] The diffusion coeffident (D^) depends on tfie 
material forming the wall or barrier and the gas spedes 
aossing tfie wall or barrier. The concentration differ- 
ence of the gas spedes is measured in mdes per unit 
vdume on each side of the wall or barrier of a given gas 
spedes, 6C1. From this, it is dear that the diffusion 
increases with increasing difference in gas concentra- 
tion of the selected gas spedes on each side of the wall 
or barrier and with a increasing diffuston coefftoeint. 
[0039] By establishing, in accordance with the prin- 
dple of tfie invention, a wall consisting of a combination 
of a solid phase, a gaseous phase and a second solkl , 
pfiasa the diffusion constant for the difhjsion of a gas 
spedes through such a wall can now be subjected to an 
active adjustment resulting in a reduced diffusion con- 
stant when maintaining a low concentration of tfie gas 
spedes wittiin the gaseous pfiase of tfie wall. Keeping 
the partial pressure of the gas spedes lower than ttie 
partial pressures of the gas spedes in the spaces which 
ttie wall separates contributes to a decreased diffuston 
of ttie gas spedes across the wall. 
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[0040] In other words, the present invention could 
also be said to relate to a method wherein th diffusion 
of gasses between a working space and the surround- 
ings such as the annbient atmosphere Is deaeased by 
reducing the diffusion constant (D^) of the gas species 5 
through the barrier in order to reduce a gas exchange 
l>etween a work space arxJ the surroundings of the work 
space. This diffuskxi constant ts deaeased by trans- 
forming the barrier to a double wall defining an interven- 
ing space from which the gas is removed and thereby 10 
prev^'ng the diffusion through the outer part of the 
wall. 

[0041] From another point of view, it will also be 
understood that the manipulatkxi of the CBffusion in 
accadance with the principles of the invention compen- is 
sates for or dominates over the differences or variations 
in diffusion of different gases through different materials 
of the housing wtiich would othenwise complicate the 
maintenance of specifte molar ratios of gas species or 
ranges of gas pressures within a work space. Maintain- 20 
ing a predetermined value is made easier since the 
intervening space in some situations has a Ixjffer" 
capacity. 

[0042] A suitable way of ensuring a partial pressure 
of a selected gas species is by supplying the Intervening 2s 
space with a constant flow of a gas having a partial 
pressure of the gas species lower than the partial pres- 
sure of the gas species that is desired to be established 
in the wori( space, especially when the selected gas 
species is a gas species which is present in the anri>ient 30 
atmosphere (normally air) at a higher partial pressure. 
[0043] The constantly k>wer partial pressure of a 
gas species in the intervening space may be estab- 
lished and/or optimized tyy means of a suitable gas trap 
in the wall. e.g. a reagent with which the gas species in as 
question can react and/or a catalyst whk:h will catalyze 
reaction of the gas species, which gas trap can be 
placed inside the intervening space or be incorpaated 
into the wall of the double wall. This gas trap principle 
can also contribute to the removal of undesired gaseous 40 
material before emitting gas from the invervening space 
(or from other parts of the system in question) into the 
atmosphere and can especially contritxite to the 
decomposition of noxious gasses. The catalyst may be 
selected from metals belonging to the l-VIII groups, and 4S 
oxides. nitrkJes. and halkJes of the metals as well as lan- 
thanides and actinkJes. Examples of such metals are 
vanadium, titanium copper, molydenum. wolfram, sili- 
dum, osnrtium. nickel, palladium, platinum and iron. 
[0044] In situations where gas is removed from the so 
intervening space (or from other parts of the system in 
question), the gas is normally passed tiirough a filtering 
system before being emitted into the atmosphere. 
Examples of suitable filter systems include systems 
based on sieving such as bag filters which are normally ss 
prepared from. e.g., Goretex®, Tefton®, woven glass- 
fiber, textile doth. ^c. A preferred filter is a filter retain- 
ing partides to a degree of at least 95%. preferably at 



least 97% and more preferably at least 98 or 99% or 
wore. Thus, HEPA filters (cellulose) are capable of 
retaining partides to a degree of 99.997%. Other sutta- 
bl filtering systems indude systems based on precipi- 
tation, sedimentation or electrostatic deposition. 
[0045] In one aspect, the invention can t>e 
expressed as a method for performing, at a particular 
partial pressure of a selected gas spedes in a gaseous 
atmosphere or at a particular total gas pressure of a 
gaseous atmosphere, an operation involving a material, 
&g. a non-gaseous material, conprising performing the 
operation in a housing comprising 

i) first chamfc>er walls defining a first chani>er con- 
taining a gaseous atmosphere and 
iO second chamber walls defining a second chanrv 
ber sut)stantially endosing the first chamber, the 
second chamber containing a gaseous atmosphere 
between sakJ first and second chamt>er walls, the 
operation being performed in tfie said first chamber 
while 

a) the partial pressure of the selected gas spe- 
des or the total gas pressure in the atmos- 
phere of the second chamber is lower tfian the 
partial pressure of the selected gas spedes or 
the total gas pressure, respectively, in the gas- 
eous atmosphere in the first chamk>er. and 

b) the partial gas pressure of the selected gas 
spedes or the total gas pressure in the atmos- 
phere of the second chamt>er is lower than the 
partial pressure of the selected spedes or the 
total gas pressure, respectively, of the gaseous 
atmosphere in an acljacent outer third chamt>er 
or^ce. 

[0046] The non-gaseous material on which the 
operation is performed may be any non-gaseous mate- 
rial, such as a Ik^ukJ material or a solid material, a sus- 
pension of soiki material in IkfukJ, etc.; important 
examples of materials are fc>iological materials or syn- 
thetic materials analogous to bidogical materials, such 
as proteins produced from recombinant or synthetk; 
DNA. Partkxjlariy important bidogical materials are 
cells or cell parts or cell components and especially bio- 
logical material having metabofic activity, such as cell 
cultures, or bacteria or spores or virus, induding as t>ac- 
teriophages, and components thereof. Correspondingly, 
the operation may be any operation which it is relevant 
to p^form on the material in question arxl where the 
composition or pressure of ttie gaseous atmosphere 
contained In tiie chamber may have an influence on the 
operation or its result. Typical operations on biological 
material whk;h may advantageously be performed 
according to the invention are operations wherein the 
desired gaseous atiTX)sphere diff rs consklerably from 
the ambient atnxisphere, either with respect to its com- 
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position or wHh respect to the partial pressure of one or 
more of the gaseous spedes of the atmosphere, and/or 
op^lions where interferences due to airtx>rne material 
or gas species from the outer atmosphere are unde- 
sired, or where pollution of the outer atmosphere by an 
airtx)me component in the first chamber, such as path- 
ogenic material, must be avoided. 
[0047] In the present context, the term "operation" 
is to t)e understood in a broad sense and thus includes 
any interaction with the material in question, whether 
this is a physical interaction or a chemical interaction, 
including a biochemical interaction or a biological inter- 
action, as well as culturing ceils in a culturing medium or 
just keeping a material under the gas pressure condi- 
tions in question. Thus, any kind of operation which 
takes place in the above-mentioned incut>ators, flow 
t)enches and workbenches is included. However, a 
most important feature of the invention is that it permits 
physical interaction, including tactile interaction, such as 
manipulation, with the material. Manipulation can be 
directly manual by a person via an interlace of a glove- 
like type, such as illustrated in the drawings, or another 
interface which may or m^ not have a partrcular shape 
or conformation whk:h allows manipulation with the 
interiace interposed between the person and the mate- 
rial to t>e manipulated. Interfaces which have special 
shapes or conformations can be in the shape of rrxxe or 
less complete garments or garment parts, normally 
including gkive parts. The physical, in particular tactile, 
interaction can also be interaction via a robot or other 
automated and/or controllable manipulation equipment 
[0048] The term "one or several gases'* is intended 
to mean one a several gas streams or rather one or 
more gases from one or more gas supplies, each of 
which may be provkie either a mixture of gas species or 
a substantially pure gas species; in other words, in the 
present specif k;atk>n an daims, the term "gas" is distinct 
from "gas species". 

[0049] In many embodiments, the gaseous atmos- 
phere of the outer third chamber or space is the ambient 
atmosphere, so that the outer wall of the second cham- 
ber is the delimitation of the system in question against 
the ambient atrTX)sphere. e.g. in a laboratory or a fac- 
tory. 

[0050] While many embodiments may be content- 
plated in which it is critical that the operation performed 
in the first chamber is performed at a partkxdar total gas 
pressure which may be at atmospheric level or at a 
higher or lower level, the value of the present invention 
will often be associated espedally with the fact that the 
inventfon makes it possible and easy to maintain a par- 
ticular partial pressure of a selected gas spedes in the 
atnx)sphere of the first chamber, in other words in the 
atmosphere under which the operation on the material 
in question is performed. While ttie most prominent 
example of this may t>e th situations wher a biological 
material is to be sut>jected to an operation at a fower 
partial pressure of oxygen than in the ambient atmos- 



phere, examples of other gas spedes tiie partial pres- 
sure of which it is of importance to contrd with a high 
prec^fon are nitrogen, cartx>n dioodde. It will be under- 
stood that the particular partial pressure of tfie selected 

5 gas will be independent of the total gas pressure in the 
first chamk>er. Thus, it may be desired to have a tow oxy- 
gen partical pressure and at the same time a total gas 
pressure conesponding to atnxjspheric pressure (in 
which case one or more gases different from oxygen will 

10 contrftxite with a higher partical pressure, in other words 
be present in a higher molar concentration, than in 
atmospheric air), or it may be desired to have both a low 
partial pressure of oxygen or another selected gas and 
a tow total gas pressure, or tiiere may t>e cases where it 

15 is desired to have a low partial pressure of oxygen or 
another selected gas and at the same time a total gas 
pressure whfoh is higher than the atmospheric pres- 
sure. 

[0051] The particular partial pressure of a selected 

20 gas spedes may t>e obtained and maintained in a 
nurTi)er of different ways, such as will appear from the 
comments above arxi the follawing discussioa 
[0052] Thus, one or several gases may k>e supplied 
to the first chant>er. and the composition arxl/orfkiw of 

25 the gas or gases supplied may be adapted to provkJe 
the particular partial pressure. It will be understood that 
unless tiie operation perfomned in the first charTi>er or 
another process performed in the chamber consumes 
one or several gases, a prerequisite for obtaining and 

30 maintaining a particular partial pressure of a selected 
gas in the first chamber solely by supply of a gas or 
gases tiiereto is that there is a dffusion or leakage of 
gas out of the first chamber, either a diffosfon leakage 
through a gas-permeeUe wan part or an active "leak- 

35 age" in the form of active removal of gas. The various 
ways in which gas can t>e removed from the first cham- 
ber will be discussed in the fdlowing. 
[0053] Anotiier embodiment of the method is where 
gas is removed from the second chamber, the composi- 

40 tion and/or ftow of the gas renrKJved t>eing adapted to 
provkfe a particular partial pressure of a selected gas in 
tiie first chamber or to provkie a total pressure in the 
second chamber lower than the total pressure in tiie first 
chamt>er and/or in an adjacent outer chamber or space. 

45 In this case. whk;h is especially relevant where a very 
tow partial pressure of a selected gas. such as oxygen, 
is to be maintained in the first chamber, gas diffusion 
from the first charTt>er to the second chamber will be the 
means employed to obtain the k3w partial pressure of a 

so selected gas spedes in the first charrto. 

[0054] An important embodiment of tiie method is 
according to tiie invention is where one or several gases 
is/are supplied to ttie first chamber, and gas is removed 
from tiie second chamber, the corrposition and/or ftow 

55 of the gas or gases supplied and the gas removed, 
respectively, t>eing adapted to provide the particular 
partial pressure of the selected gas in the first chamk>er. 
It v^ll understood that in this enrixxjiment. gas is actively 
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remcved from the second chamber. wNle at the same 
time (or earlier or later, txit preferably sut>stantially at 
the same time) one or several gases is/are supplied to 
the first chamber, th interaction between the two cham- 
bers in this case t>etng gas leakage or diffusion 
through a gas penfneat)le wall part 
[0055] A higher number of regulation possit)ilities is 
had where one or several gases is/are supplied to the 
first and/a second chamber. arxJ gas is renrK3ved from 
the first and/or second chamt)er. the composition and 
flow of the gas or gases supplied and the gas removed, 
respectively, being adapted to provide the particular 
partial pressure of the selected gas in the first chamber. 
In a case where there is supply and removal of gas from 
a chamt>er, the chamber is said to t>e tlushed* with gas 
of the composition determined by the composition of the 
gas stream or streams supplied to the chamber in ques- 
ti n. In this connection, it should be noted tfiat while 
direct removal off gas from the first chamber (in contrast 
to diffusion to the second chamber and removal from 
the second chamber) cannot be said to contrbute to 
maintaining a higher total gas pressure or a higher par- 
tial pressure of a selected species in the first chamt)er 
compared to the second chamber, direct removal from 
the first chamber may nevertheless be a valuat)le meas- 
ur in connection with, e.g.: 

- flushing of the first chamt>er with a particular gas 
mixture, where the gas introduced contains a low 
molar concentration or zero concentration off a gas 
species which Is to be present in a very low concen- 
tration in the first chamber, or 

- chemical and/or catalytical removal of a gas which 
is to t)e present In the first chamber in a very low 
concentration. 

[0056] While removal of gas from the secorxj cham- 
t>er is perfiaps the most important measure to obtain the 
r lative negative pressure in the second dharrber, it is 
also important to note that another measure to maintain 
a very low partial pressure of a second chamber with a 
gas which has a lower partial pressure of the gas spe- 
cies en question and preferably does not at all contain 
the gas species in question. 

[0057] Determining the composition of the gas in 
the first or ttie second chamber or the partial pressure of 
the selected gas species in ttie first or tiie second cham- 
ber provides the possibility of a dose control of the reg- 
ulation of ttie process and tiie gas exchange between 
the first and ttie second chambers. Such measurement 
may be performed using, e.g., gas^selective electrodes 
for determining the partial pressure of a particular gas 
or ottier suitable measuring means known per se such 
as by spedrophotometric means or means using laser, 
normally combined witti total gas pressure measuring 
means. The measuring means, tx>th the total gas pres- 
sure measuring means and the selective gas partial 
pressure measuring means, are suitably connected to 



regulation equipment such as valves, pumps, etc. so as 
to ot>tain a feed-back regulation of the process whk:h 
may t>e more or less automated. Using such measures, 
a desired steady state (maintenance of a desired partial 

5 pressure of a selected gas spedes in ttie first chamber) 
may be obtained within a rather short time and main- 
tained with high accuracy, e.g. based on measure- 
ments/)<nowledge of the composition of the gas 
removed from or present in the second chamber. The 

10 removal of gas from ttie second chamber and optionally 
from the first chamt>er is normally performed k>y means 
of pumps or ottier means for evacuation of gas such as 
electrical evacuation means or suction devices. 
[0058] Anottier possibility (which wouM have ttie 

IS advantage that it would avoid electrodes and ottier 
equipment that coukJ drift or otherwise give rise to eno- 
neous operation) would t>e to use concfitions with 
respect to gas partial pressures, flushing, supply arxi 
removal of gases, etc. wNch had been established. 

20 based on a suffident number of preliminary experi- 
ments or runs, to result in the desired gas partial pres- 
sure in the inner chamt>er, possil)ly combined with ttie 
use of some kind of marker function, for exairple a bio- 
k)gk:al process kncwn to proceed in a particular man- 

25 ner. e.g. giving rise to a visit)le or othenvise assessilsle 
indication, for example using as a marker in the interior 
chamber or housing a system comprising a liquid which 
wouM change colour depending on the oxygen partial 
pressure, such as and thus merely adapting the condi- 

30 tions so that they correspond to the thus errpirically 
established values and also that the marker will confirm 
that the desired partial pressure conditions have t>een 
established and are kept. 

10059] ProvKled that the particular partial pressure 

3S of a selected gas is a partial pressure which is lower 
tfian in the ambient atmosphere, one way of maintaining 
such tow partial pressure is to actively remove gas from 
the second chamber and adapt the composition and/or 
fk)w of the gas removed to provkJe the particular partial 

40 pressure of ttie selected gas in the first charTt>er. The 
removal of the gas is adapted so that (fiffuston t)etween 
the first and the second charTt>er (and t>etween the sec- 
ond chamt)er and the sorrouncSng atmosphere) tends to 
secure the particular partial pressure of the seleded 

45 gas in the first chamber. While removal of gas from the 
second chanter will normally mean suctioning off the 
gas mixture present in the second chamber by means of 
an evacuation means such as a suctioning means, e.g. 
a gas purrp, embodiments can t>e envisaged where the 

50 removal of gas from the second chaiTi>er will selectively 
remove one gas spedes. e.g. where cartx>n dicodde 
from the first chamber is seledively removed from the 
atmosphere of the second diamber by chemical reac- 
tion an alkaline sut)stance. 

55 [P060] Important embodiments of the method of the 
invention are operations performed on bk>logk»l materi- 
als or analogues ttiereof at an oxygen pressure which is 
lower than ambient oxygen partial pressure to investi- 
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gate, utilize or inrutate processes which in nature take 
place at a low oxygen partial pressure. Prior to the 
present invention, inaintaining a low partial pressure of 
oxyg not less than 6 kPa was, as mentioned above, df- 
f icult without very expensiv equipment and measures 5 
because of the interference from tfie high oxygen partial 
pressure of the natural atmosphere. 
[0061] Oxygen partial pressures which are often 
relevant in this context are oxygen partial pressures in 
the first chamber of at the most 18 kPa. such as at ti)e 
most 14 kPa. e.g., at tiie most 10 kPa. Especially critical 
low oxygen partial pressures where the method of the 
invention is of particular importance are oxygen partial 
pressures in the first charTt>er is at the most 6 kPa. such 
as at the most 4 kPa. e.g.. at the nK>st 3 kPa or even at 
the most 2 kPa, such as at the most 1 kPa. ag.. at the 
most 0.5 kPa. 

[0062] Especially in the case where a particularly 
low partial pressure of a gas. such as oxygen, which is 
present in the ani^ient atmosphere, is to t>e maintained, 
it may be of importance to remove gas from both the 
first chamber and the secorxj chamt>er, tiie composition 
and/or flow of each of the gases removed being adapted 
to provide the particular partial pressure of the selected 
gas In the first chamber. 

[0063] As indicated above, when the selected gas is 
a gas which is present in the ambient atmosphere at a 
partial pressure higher than the predetermined partial 
pressure of the selected gas species in the first cham- 
ber, one or several gases will rK>rmally be supplied 
which has/have a lower molar concentration of the 
selected gas species tiian the molar concentration cor- 
responding to the predetermined partial pressure of ttie 
selected gas species in the first chamber, so tfiat tiie 
supply of gas will tend to counteract the tendency for the 
higher partial pressure of the selected gas in the ambi- 
ent atmosphere to increase the partial pressure of the 
selected gas in the first chamber. The most efficient var- 
iant of this strategy is, of course, where the gas or gases 
supplied is/are substantially free from the selected gas 
species, and where gas is removed which contains the 
selected gas species. If the total gas pressure in the first 
chamber is to be below ambient pressure, another 
method according to the present invention would be to 
remove gas from both the first chamber and the second 
chamber, the composition and/or flow of each of ttie 
gases removed being adapted to provide the particular 
partial pressure of the selected gas (e.g. oxygen) in the 
first cfiamber. As mentioned akxjve one possikxlrty of 
selectively removing a gas includes incorporation of a 
catalyst or a reagent in the chamber from which the gas 
should be removed. 

[0064] When, on the other hand, the selected gas is 
a gas present in the ambient atmosphere at a partial 
pressure lower tiian ttie predetermined partial pressure 
of the selected gas species in the first chamber, there 
will be a t ndency for the partial pressure to decrease 
because of leakage to the atmosphere, and tiiis may t>e 



counteracted tiy st4)plying one or several gasses which 
has/have a higher molar concentration of the selected 
gas species than the molar concentration correspond- 
ing to tti predet rmined partial pressure of the 
selected gas species in the first chamt>er, in particular 
by supplying a gas which suk>stantially consisls of the 
selected gas species, and by removing gas which has a 
lower molar concentration of the selected gas than the 
molar concentration corresponding to tfie predeter- 
mined partial pressure of the selected gas species in 
the first chamber. 

[0065] As indicated atX3ve, the first chamber walls 
may comprise a wall part of a material which permits 
gas leakage between the chambers, aixj indeed, it will 
t>e almost impossible to provide walls which do not per- 
mit any gas leakage at all. Typical examples of wall 
parts which will almost inevitat>ly permit gas leakage 
are sealings around in- and outiets to each chamt>er 
and walls of transparent polymerSw However, for many 
purposes, it will be preferred ttiat the possa>ilities of 
leakage are regulated to a higher extent, e.g. by posi- 
tively providing, as part of the wall in question, a gas- 
permeable membrane. 

[0066] Such gas-permeable membrane may be a 
membrane of a material or a combination of materials 
which permits a controlled fk>w of gas ther^rough. 
preferably a material or a combination of materials 
which has known properties with respect to gas perme- 
ation, which properties can be utilized for adaption to 
each particular use, e.g. by adjusting ttie thickness 
and/or the area of the memt>rane. In a particular 
embodiment the membrane may of a material or a 
coml)inatk>n of materials which selectively or preferen- 
tially permit diffusion of particular gas species or a par- 
ticular gas spedesw Examples of gasrpermeable 
membranes suitable for the purpose of the present 
invention are silkx)ne, zirconium whk;h is especially per- 
meable to fiydrogen arxJ which therefore woukJ be of 
special interest for uses where one of the gasses used 
to keep ag. an oxygen partial pressure tew is hydrogen 
(in a mo^sff concentration of at the most 10% to avoid 
risk of explosbn), and polycarixnate which is highly 
permeable to CO2 but not to oxygen. In addition, plastic 
materials which facilitate the exchange of oxygen such 
as the material used for Permanox® plastic dishes 
(made by NUNC, Denmarl^ can provide part of the 
walls or constitute ag. tiie first charTt>er walls. 
[0067] As mentioned above, there will be a nurTi>er 
of cases where the material in the first cfiamber com- 
prises or develops an airt>orne toxic or noxkHis sub- 
stance, and one of the important features of the present 
invention is that the toxic or noxious sut>stance is sui>- 
stantially prevented from escaping into an adjacent 
outer third cfiamber or space by being trapped in the 
second chamber and removed from the second cham- 
ber. Ukewisa gas and/or an airbome material from an 
ac^acent outer third chamber or space is substantially 
prevented from percolating into the first chamber by 
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being trapped in the second chamber and removed from 
the second chamber. In all of these cases, the removal 
of the material In question from the secorxi chamber is 
preferably secured by actively removing gas from th 
secorxl chamber, e.g. k)y means of a pumpi 
[0068] The present Invention can also be said to 
relate to a housing which t>y separation of a space from 
the environment by an Intervening space enat)les the 
prevention of nnxing. exchange or flow of gas or vapour 
between the two separated spaces including impurities 
in the gas or vapour in form of suspensions of solids or 
liquid particles, t>acteria, bacteriophages, spores, 
viruses, radioactive material, arid any other airtxyne 
component or particle. 

[0069] Thus, an embodiment of the invention 
relates to a housirig, in particular for housing material, 
e.g. a non-gaseous material, while an operation involv- 
ing the material is performed, the housing comprising 
first chamber walls defining a first chamber containing a 
gaseous atmosphere: and second chamber walls defin- 
ing. t>etween said first and second chamber walls, a 
second chamber sut>stantially enclosing the first cfiam- 
ber and containing a second gaseous atmosphere; and 
means for maintaining a lower total gas pressure or a 
lower partial pressure of a selected gas species in the 
secorxi chamber than in the first chamber and in an 
adjacent outer third chamber or space. The non-gase- 
ous material may be a biological material or a material 
analogous thereto, including living cells and cell compo- 
nents. 

[0070] The second chamber walls enclosing the 
first chamber walls and d^ining a second chamber ther- 
et>etween are normally only necessary wftere the wall 
parts of the first chamber permit escape, diffusion, or 
\eak of gases or airtx>rne particles, in other words, 
where the wall is of such a cfiaracter, material or tiiick- 
ness that such escape, diffusion or leak is a possibility, 
in particular in domains where continuity of the wall 
material is intemf>ted. such as where connections are 
present or where leads pass through the wall. 
[0071] Thus, for many purposes, a wall consisting 
of stainless steel and having a sufficient thickness will 
t>e regarded as a gas-tight wall part provided no inter- 
ruption of the wall is present. Therefore, where such 
wall structures constitute the walls of the f irst chamber, 
an intervening space will not be needed to limit tiie risk 
of pollution or contamination of the inner first space or of 
an adjacent outer third chamber or space or to control 
gas partial pressures in ttie first chamber. Thus, for such 
wall parts whk:h are to be considered gas-tight i relation 
to the intended purpose, there will either not be a 6oMe 
wall, or the first and second chamber walls are allowed 
to merge to a single wall. This means that for many pur- 
poses, the intervera'ng space or second chamt>er will 
only be present around connections or leads. e.g. as 
disaete intervening spaces which may be separate 
from each other or may be interconnected, e.g. as a 
manifoki-like structur ; thus, it will k>e understood that 



th e second charhber m^ be constituted by a multitude 
or intervenings spaces which may be interconnected or 
not. 

[0072] Nevertheless, in many enrtecfiments. the 
5 housing according to ttie invention normally comprises 
second chamber walls enclosing the first chamk)er walls 
completely except where iniels and outiets are extend- 
ing throu^ the chamber. 

[0073] The housing according to ttie invention mgy 

10 be produced of any material known from the production 
of incut>ator5 and working t>enches such as stainless 
steel, butyl rut)ber. hardened glass, ceramic composite 
materials, special polymers, acrylic glass, cartxWSi 
ceramics. PVC. polycartx}nate, polyettiylene or other 

75 suitable materials. Materials not reacting with the gas- 
ses to t>e used and materials which can k>e cleaned and 
are resistant to disinfectants are preferred. Especially 
when operating with anaesthetic gases such as haloth- 
ane. it shoukJ be noted that most metals are corroded 

20 and materials such as polyettiylene are preferred. For 
cleaning compositions such as etiiand. acetone, chlor, 
ozone gas, Corsolin. Deconex, etc., may be used. 
Ozone gas may be provided wittiin each of the cham- 
t>ers by flushing the chamt>er wrfli oxygen and irradiate 

25 ultravtolet radiation wherek^ the a)^en is converted 
to ozone gas. 

[0074] An important emtxxJiment of the housing 
according to the invention relates to a housing wherein 
the opposite parts of ttie walls are flexible allownng 

30 manipulation of or operating material or objects wittiin 
the inner space from a position outside the second 
chamber walls. Depending on the degree of the flexibil- 
ity and tiie area of the flexible parts of the walls, the pos- 
sible manipulation varies from pressing buttons placed 

35 dose to ttie flexible wall parts to a detailed manipulation 
by use of flexible wall parts protruding into the first 
chamber 

[0075] In a preferred entxxfiment, the flexft)le wall 
parts are glove shaped, and more preferred, the flexible 

4a gksve shaped wall parts are prevented from collapsing 
against each other as a result of a lower total pressure 
within the secorxf chamber tfian within the first chamber 
and the outer adjacent chamber or space, by separating 
the double layered gk>ves t>y means of a non-collapsible 

45 structure or framework forming a skeleton between ttie 
wall parts wittiout interrupting or preventing flow of gas 
between the corresponding glove shaped wall parts. 
Examples of such a structure is grids, net-woven or knit- 
ted material, materials structured as communicating 

50 cells or lamellas or any other structure wfuch is able to 
prevent collapse of the wall parts at the gas pressures 
present wrttiout preventing flow of gas between the 
glove shaped wall parts. Suitable materials are rutsber, 
plastic, metals, and natural as well as synttietic f bers. 

55 [0076] The glove shaped part of the first and sec- 
ond cfiamber walls may be made of a material whk:h 
have gas selective properties. 
[0077] F r manipulating or inspecting the material 
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wHhin the housing in a sufficient manner, transparent 
wall parts are desirat>la In an embodinient according to 
the invention, sut>stantially opposite walls part are per- 
formed in a transparent material such as plexiglass, 
plastic materials, glass, etc. 

[0078] It is normally desired to keep the housing as 
tight as possible except for possible intended gas-per- 
meatile membranes, therefore the leads to or from the 
walls of the housing as well as other means connected 
to the walls are preferat)ly closely or sealingly con- 
nected to the relevant wall parts. 
[0079] For inserting and removal of material and/or 
objects to the first chamber of the housing, air locks or 
ports constituted by releaseable mutually opposite wall 
parts may be present The ports can be placed wher- 
ever suitat)le, including in transparent parts of the walls. 
In case of a workt>ench the ports are preferably placed 
in the front walls or in the side walls. When appropriate, 
the second space corresponding to the releaseable wall 
parts is broadened to allow temporary storing of the 
object or material during the insertion or removal proce- 
dure to prevent a direct communication between the first 
chamber and the adjacent third chamber or space. 
[0080] Depending on the specific use of the hous- 
ing, and accordingly on the desired flow or exchange of 
the gaseous atfnosphere within tiie second champer 
the size of the volume of the intervening secorxj chanv 
t>er will preferatsly vary and should be adapted to enable 
exchange or renewing of the gas species in question at 
a suitat)le velocity Preferably, the depth of the space of 
the inner wall should be 1-1000 mm such as 2-350 mm 
e.g. 2-200. In many embodiments of normal work- 
t>enches or workstations according to the invention, the 
depth should be 2-20 mm. In addition, depending on the 
gas species used and the wall materials selected as 
well as of the shape and volume of the chamber, prefer- 
ak)ly. the second chamber constitutes a volume which 
sut)stantially allows laminar flow of the gas contained 
therein. 

[0081] In an embodiment of the housing according 
to the invention the ratio between the volume of the sec- . 
ond chamber and the volume of the first cfiamber is in 
the range of 1:0.1-1: 1,000.000 such as 1:0.1-1:1000 
such as 1:1-1:300, e.g. 1:10-1:100. 
[0082] An important property of the housing 
according to the invention is to avoid pollution or con- 
tamination of the environment. In most situations, it is 
undesirable tiiat airtx>me pathogenic material escapes 
to or is emitted to the atmosphere, especially when ttie 
material is virus and/or gene manipulated biological 
material. In such situations the intervening space con- 
stitutes a specific advantage tyy trapping airtx>rne mate- 
rial escaped from the inner chamber of the housing and 
thereby making it easy to expose tiie material to factors 
decreasing the risk of emitting such biological active 
material, e.g. by exposing the gaseous atmosphere in 
the second chamber to racBation or by flushing the 
chamber with a neutralizing agens. 
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[0083] As will be explained in greater detail in con- 
nection with the figures the housing may comprise 
means for supplying gas into th first arxl/br second 
chanrt)er and/or means for removal of gas from th first 

5 and/or second chamber as welt as control means and 
means for measurering and controlling the flew and 
compositon of ttie supply and renxval of gas to and 
from the chambers. The means according to ttie hous- 
ing for maintaining a difference in gas pressures may 

10 comprise means for controlling gas f k3w ttirough gas 
inlets and/or outiets and may furflier comprise means 
for remotely controlling valves connected to the gas 
supply and gas removal. The valves are normally one 
way valves but more ways may t>e preferred when differ- 

15 ent gases are supplied to the valva TTie means for 
removing a gas species may include means for chemi- 
cal conversion of a gas, e.g.. a catalyst and such 
means may be provided in the first and/or the second 
chamber. 

20 [0084] TTie housing may further comprise alarm 
means indicating or reacting to. inter alia, a gas compo- 
sition measured in a range or at level exceeding a pre- 
determined limit including reacting on the presence of a 
gas species, reacting on any other suitable parameter 

25 such as humidity, temperature, etc.. 

[0085] A still furttier aspect of the Mention relates 
to a garment, in particular a glove, comprising a double 
layered flexible material comprising a first layer of a first 
flexible material and a second layer of a second flexOsle 

30 material, ttie first and second l^r defining a space 
therebetween containing a gaseous atnK)6phere and 
means for maintaining a tower total pressure or a lower 
partial pressure of a selected gas species within the 
inner space defined by the first and second layers com- 

35 pared to the outer space of ttie garment, and the inner 
space conprising a third f lexik)le material k>eing a mate- 
rial which prevents the first and secorxi layer from col- 
lapsing against each ottier. The garment may also form 
part of the f lexit)le wall parts of the fiousing accorcBng to 

40 the invention and the gloves may be in continuity with a 
suit or dotfting. 

[0086] In addition, the invention relates to a cover 
for collecting a gas, gases or an airtx^me material com- 
prising a doiA>le layered flexit)le material cbmpr^ng a 

45 first layer of a first flexible material and a second layer of 
a second flexible material, the first and second layer 
defining a space containing a gaseous atmosphere and 
means for maintaining a tower total pressure or a lower 
partial pressure of a selected gas species within the 

so inner space defined by the first and second l^ers com- 
pared to the outer space of the cover, and the inner 
space comprising a third flexible material between the 
first arxJ second material being a material which pre- 
vents the first and second layers from collapsing, the 

55 cover being able to enctose a ol^ect or part of a object 
from which gas or an alrtxyne material should t>e col- 
lected or to which it should t>e protected from such gas. 
gases or airtx>rne materials 
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[0087] The int rior material within th space 
defined by the first and secx>nd layer of th coverorgar- 
ment may be any material which ensures that the cover 
is sufficiently flexS)le. that the necessary air flux or air 
exchange can take place within the cover, and that the 
two surfaces of the cover will not collapse against each 
other, and may be any material having properties suita- 
ble therefor but it is anticipated that the nrK>5t valuable 
material will be a fibrous material, either randomly 
arranged f bers or fibers arranged in a pattern or as a 
non-woven or woven or knitted structure, or a flexible 
material such as flexible gum, elastomer, rubber, pias- 
tic, etc., with an open cell structura 
[0088] Preferably the material of first and second 
layer of the garment or cover may be selected so ttiat 
the layer directed against the object to be covered is a 
layer which allows flow of gas. gases or airtx>rne mate- 
rial into the inner space of the garment or cover, and the 
layer directed against the environment is a layer which 
is si±stantially tight for the gas, gases or airtx)rne mate- 
rial in question. If the use of the garment or cover is to 
protect the object from exposure of gas, gases or air- 
borne material present in the environment tx>th layers 
are preferable constituted a material which is sub- 
stantially tight for the gas or nnaterial in question. 
[0089] The cover is useful for local protection of 
connections such as leads through othenwise gas-tight 
walls but has many other applications as a result of the 
flexible material which allows shaping tfie cover to 
nearly any shape of the spedfk: object or part of a 
object which is to be operated or protected from transfer 
of gas of gases or ajrt)orne material to or from the envi- 
ronment. For some objects the double layered structure 
of the cover will not be able to k>e shaped so that it com- 
pletely corresponds with the shape of the ot^ect to be 
cGvered wheret>y tiie inner layer and the surface of the 
object are not densely connected. This may contrftxite 
to the formation of one or more additional intervening 
spaces between the surface or the object arxi the layer 
of the cover which is ctosest to the object. Those inter- 
vening spaces do not interfere with the principle accord- 
ing to invention so far that such spaces are not in 
connection with the environment. For the purpose of the 
principles of the present invention, such "passive" inter- 
vening spaces could be considered part of the wall 
between tiie first chamber and the second chamber, tiie 
wall then being constituted by ttie outer wall of the first 
chamber, the intervening space and the surface of tiie 
flexible cover facing the first chamber. In cases where 
no such "passive" intervening space is present, the wall 
between the first and the second chamber will merely 
consist of the wall of the first chamber and the surface 
of tiie flexible cover facing the first chamber. 
[0090] In particular, the cover is anticipated to be 
very usehjl for situations where a gas is flushed through 
the cover, the composition of the gas t>eing such tfiat it 
has a kiwer partial pressure of a gas species which ist 
have a tow partial pressure in the first cfiamber around 



which the ccver is arranged. Another evident utility of 
the cover is where the flushing is with e.g. atmospheric 
air, txjt where the total gas pressure in the cover is lower 
than in the first cfiamber which the cover is to enclose. 

5 the cover thereby. e.g.. being very uselul for removing 
noxknis gases or airtx»ne undesired particles. Indeed, 
one emt)odiment of such a cover would t>e an exterior 
hose to be arranged around e.g. hoses or tubes, con- 
duct materials which, if the materials or components 

10 thereof wouki escape to the atmosphere. woukJ pollute 
the atmosphere or woukJ constitute a health danger, for 
example tubes or hoses conducting anaesthetic gases. 
[0O91] The means for maintaining a lower total 
pressure or a lower partial pressure of a selected gas 

15 species in the space defined by the first arxJ second lay- 
ers of ttie garment or cover may be of the same kind 
and may function in the same way as described above 
for tiie housing according to tiie invention. 
[0092] The cover Is in fact constituted by first and 

20 second cfiant>er walls as described for the housing. 
The flexibility of the layers of the cover allows the cover 
to define a space corresponding to the first chamber of 
the housing. Accordingly, the first layer corresporvls 
whit the first chamber walls and tiie second layer whit 

25 the second chamk>er walls. The space defined t)etween 
the first and second layers corresponds witti the second 
chamber. In other words tiie cover conresponds witii a 
housing according to the invention wherein the walls are 
f lexik)le except ttiat the layersAivalls of the cover are con- 
so nected to each otiier. 

[0093] Thus, one errtxxJiment coM comprise the 
cover in fact in itself constituting both first arxi second 
chambers as described for the housing, because tiie 
flexibility of the layers of the cover would allow the cover 

35 to k>e arranged in a configuration where it defines a 
space corresponding to tiie first chaiTi>er of the hous- 
ing, where the first layer of the cover vm>uM correspond 
to the first chamber walls arxJ the second, exterior, layer 
of the cover wouU conespond to the second chamber 

40 walls, this requiring, of course, that the cover when 
arranged in the configuration in question, is closed seal- 
ingly where the parts thereof meet, arxi, in accordance 
with the principle of the invention, shoukJ then be pro- 
tected by anottier second chamt)er covering the sealing 

45 (because ttie sealing wouM constitute a single wall), 
however, for most practical purposes the f lexibie cover 
will constitute only the second chamber such as 
explained above, and tiie flexibility of tiie cover will be 
utilized to arrange the cover at tfie places of the walls of 

so the f irst charTt>er where a second chamber is needed, 
the cover thus being a sort of a flexible "manifoM". 
[0094] In adc£tion, a very interesting emtxxiiment 
wouM be a garment or clothing where the first charTt>er 
wouki be constituted by a person, for example a dver as 

55 explained in more details below. It is evkient that the first 
arid tiie second materials of the cover coukf be ktenti- 
cal, but as mentioned above, in many cases it wouM be 
advantageous to have the surface which is to face the 
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first chamber more penneable to gas or to a specif ic gas 
ttian the exterior layer. 

DETAII^D DESCRIPTION OF THE DRAWINGS 

5 

[0095] 

Fig. 1 shovvs a diagram illustrating an embodiment 
of a worMbench according to the invention wheran 
a housing comprising inner first chamber walls 1 io 
encloses a first chamber 2 containing a gaseous 
atmosphere. The first chamt>er wails 1 are sur- 
rounded by second chamber walls 3 defining a sec- 
ond chamber 4 containing a gaseous atmosphere 
and sut)stantial)y enclosing the f irst chamt)er 2. The is 
first and second chamber walls define a continuous 
space not Intempted by means for manipulation of 
a material within the first chamber 2 as indicated by 
glove shaped parts of the first and second chamber 
walls 5. The glove shaped wall parts 5 consist of a 20 
double-layered glove pair wherein the outer layer is 
in continuous connection or is sealingly connected 
to the first chamber walls 1 and an Inner layer of the 
gloves in continuous connection or sealingly con- 
nected to the second chamber walls 3. 25 

The gaseous atmosphere in the first chamber 2 
Is maintained and/or regulated partly by gas supply 
means and partly by means for removing gas, the 
supply means comprises a gas irtlet 6 extending 
through the second chamber walls 3 and through 30 
the second chamber 4 without communicating with 
the second chamt>er. Gas from a central gas supply 
7 and/or gas connected to separate gas supply 
means such as a gas txsttle 8 allows admission of 
gas to the first chamber and control of the composi- 3S 
tion of the gas supplied. The flow of the supplied 
gas is measured k>y gas flow measuring means 9 
such as a gas-meter which is connected to a central 
control unit 10 adapted for receiving data from 
measuring means. The supply of gas or gas spe- 40 
cies to the first chamt>er is further controlled by the 
valve 1 1 e.g. a pneumatic valve or a solenoid valve 
which can be regulated by the control unit 10 (con- 
nection not shown but indicated by arrow). Means 
for removing gas from the first chamk>er 2 com- 4s 
prises a gas outlet 12 extending through the second 
chamber 4 without communicating with the chanv 
ber and through the second chamber walls 3. The 
flow of the gas renKsved is measured by the flow 
measuring means 1 3 such as a gas-meter which is so 
connected to the control unit 10 allowing feed-back 
regulation (not shown) of the valve 14 for gas 
removal, e.g. a pneumatic valve or a solenoid valve. 
If desired, the removed gas can be recycled back to 
the first chamber as shown witii dotted lines 15 of 55 
the diagram. In addition, the gas from the second 
chamber may t>e recycled. The gas for recycling 
may be passed through a compressor 34 and/or a 



fitter for renfK>ving undesired gas species r other 
components (not shown). 

In the same way as for the gaseous atmos- 
phere of the first chamber, the gaseous atmosphere 
of the second chamber 4 is maintained and/or reg- 
ulated partly by gas supply nteans and partiy by 
means for removing gas, the gas supply means 
comprises a gas inlet 1 7 extending through the sec- 
ond chamber walls 3 and communicating with the 
second chamber. Gas from a central gas si^ly 18 
and/or gas connected to separate gas supply 
means such as a gas bottie 19 allows admission of 
gas to the second chamk>er and control of the com- 
position of the gas si4)plied. The flow of the gas 
supplied to the secorxi chamber 4 is measured by 
gas flow measuring means 20 such as a gas-meter 
which may t>e connected to a central control unit 
10. The supply of gas to the second chamber is fur- 
ttier controlled by the gas supply valve 21 eg. a 
pneumatic valve or a solenoid valve which can t>e 
regulated by the control unit 10 (connection not 
shown Ixjt indicated with arrow). Means for remov- 
ing gas from the second chamber 4 comprises a 
gas outiet 22 extending through the second cham- 
bef walls 3 and the flow of the gas removed is 
measured by the gas flow measuring means 23 
such as a gas-meter which is connected to the con- 
trol unit 10 allowing feed-back regulation (not 
shown but indicated by arrows) of the valve 24 for 
gas renfKJvai, e.g. a pneumatic vah^e a a solenoid 
valve. If desired, the composition of the gases 
renfX3ved may be measured whereby a dose control 
of the gas exchange between the first and the sec- 
ond chamber can be calculated and a desired 
steady slate (maintaining of a desired partial pres- 
sure of a selected gas) may be obtained within a 
short period by adapting the sif)ply and removal of 
gases in relation to ttie gas exchange between ttie 
chanfi}ers. The removal of gas from the first and 
second chambers is normally perfonned by means 
of pumps or other suction devnes (not shown) 
which may t>e connected to the control unit 1 0. 

In addition, the control unit 10 is connected to 
gas measuring means such as gas electrodes or 
other electrochemica] measuring electrode devices 
for measuring the partial pressure for one or mofe 
gas spedes ag. 62 witiiin the first chamber 2 as 
indicated by the means 16 and 25 and for measur- 
ing the total gas pressure as indicated by the 
means 26. In additk>n, similar means for measuring 
the total gas pressure of the gas and/or for measur- 
ing the partial pressure for one or more gas spedes 
in the second chamber is indicated by the means 
27 and for the outer third chamber or space 50. The 
measuring means aDows appropriate regulation 
and thereby controlling tiie partial pressures and/or 
\h total pressure of a selected gas spedes or gas, 
respectively, present in the first chamber by adapt- 
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ing, based on the resuHs of th measured values, 
the supply and/or removal of gas or gas spedes to 
or from the f ir^ and second chamt>er and a lower 
gas pressure or partial pressure of a selected gas 
in the second chamber than in the first chamber 5 
and than in an adjacent outer third chanrtber or 
space can be maintained. The regulation and main- 
tenance of a lower partial or total pressure in the 
second chamber of the selected gas species or 
gas, respectively, are furthermore aided by trans- w 
mitting and/or storing the data in a computer unit 51 
connected to the central control unit allowing calcu- 
lation and input of possible reljevant data for work- 
ing a controlled regulatory feed-back system such 
asbyoperatx>nsonthevalves11,14,21 and2416r 75 
increasing or decreasing the gas flow though the 
valves. The feed-t>ack regulation is indicated by 
arrows 28 from the control unit 1 0 and by arrows on 
the respective valves. The control unit 1 0 may also 
be connected to alarm means 29 which may be of 20 
audio and/or visional aids for indication of any 
undesired condition related to the workt>ench, e.g.. 
increasing partial a total pressure of a gas species 
or gas in the second chant}er. The alarm system is 
preferably connected to compensatory systems for 2s 
the gas supply and removal to counteract an unde- 
sired condition detected t>y the alarm system. Iri 
addition, the control unit can be connected to a dis- 
play 30. ag. showing the gas pressure in the first 
chanrtber and/or second chamt>er. The control unit 30 
may also be connected to other means ag. illumi- 
nation systems 32 (ultraviolet radiation should be 
avoided when risk for explosive gas composition) 
and to detective means ag. for detecting radioactiv- 
ity. A further regulation of gas supply may be by 35 
operating gas compressors 32, 33, and 34 con- 
nected to the gas supply means 6 and 1 7. The con- 
trol of the compressors my also t>e connected to the 
control unit 10 (as indicated by arrows). The meas- 
uring means desaibed above as 24, 25. 26. and 27 40 
may further comprise sensors detecting the pres- 
ence of a specific gas species. In addition, the con- 
trol unit my be such a unit which is able to receive 
and trar)sform signals in any appropriate way such 
as physical, electrical and electrochemical signals 45 
and receive and transmit radio signals, enabling 
maintenance of a desired gaseous atmosphere in 
the first and/or second chambers. 

The gaseous atmosphere of the second dham- 
ber comprises, In addition to the gas supplied, gas so 
and airtx)me material percolated into the second 
chamber from the adjacent chambers or spaces 
arxj is therefore preferat)ly filtered for noxious HDate- 
rial or gases by a filtering system 35 before the 
waste gas or aiibome material is emitted to the 55 
environment. 

Fig 2 shows an embodiment of a worid>ench 



according to the inventfon wher In a housing for 
operating objects and material in a first cfiamt>er 2 
is shown. Opposite transparent parts of the inner 
chamber walls 1 and of the outer second chani^er 
walls 3 as descrit)ed in Fig. 1 allow view to the inner 
part of the first chamber 2 and to the flexible gfove 
shaped part of the first chamber walls 5 protruding 
intothefirstchamt)er2asdescrfoed in Rg. I.Seal- 
ingly connected to and in continuation with the 
outer second chamber walls flexible gk3ve shaped 
parts opposite to the glove shaped part of the first 
chamber walls protrude into the first chamber. The 
glove shaped part of the second chamber walls fits 
sut)stantially into the corresponding glove shaped 
part of the first walls resulting in two-layered gfoves 
protruding into the inner chamber whereby manipu- 
lation of objects or material in the worid>ench from a 
position outside the bench is made possible 
tiirough the glove cuffs 36 and 37. Inserting objects 
into the wori<bench is performed through releasea- 
ble wall parts such as illustrated by 38 showing a 
releaseable wall part of the second walls which 
allows entrance into the secorxf channber defined 
between and separated by the inner first chamber 
walls arxj the outer second chamt)er walls of the 
bench as illustrated in Rg. 1. Objects may be 
inserted into the workbench in a two-step proce- 
dure by 1 ) placing the object in the second chanrtber 
tiirough a releaseable wall part 38 whereafter the 
releaseable wall part 38 is closed and the insertion 
procedure continued from the inside of tiie cliamt>er 
by use of the f lexit>le glove shaped wall parts 5, and 
2) opening a releaseable wall part of the inner walls 
39 (indicated by dotted lines) opposite to the 
releaseak)le wall part 38. Between the two steps of 
tiie insertfon operation, the second chantber can be 
flushed with a desired predetermined gas composi- 
tion to avoid undesirable fluctuations of gas corrpo- 
sitions arxJ/or gas pressures within the first 
chamk>er. Accorcfingly, direct communication 
t>etween the inner work space and the adjacent 
space or atmosphere is avoided. Of course, a pro- 
cedure parallel hereto but in the opposite direction 
can be used for discharging objects from the first 
chamber. The separation of the releaseable walls 
parts 38 and 39 prevents a direct exchange of gas 
and alrtx)rne material between tiie first chamber 
and an adSacent outer ttiird chamber or space 
tiirough the releaseable parts. Display means, ag. 
for showing pressure in tiie second chamber, is 
Dlustrated by 30 and means for auditive alarm is 
Dlustratedtyy29. 

Rg 3 shows a cross section of an embodiment of a 
wori^ench as shewn in Rg. 2 having a housing 
comprising inner first chamber walls 1 enclosing a 
first chamber 2. The first chamber wails 1 are sur- 
rounded by second chamber walls 3 defining a sec- 
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ond chanter 4 therebetween. Paris of the first 
chamber walls 1 consist of flexible glove shaped 
wall parts 40 protrudng into the first chamber 2, the 
glove shaped parts being continuously or sealing)/ 
connected to the non-protoiding parts of the walls s 
as illustrated t)y 41. W^ll parts of ^e second chanv 
t>er walls 4 opposite to the glove shaped parts of 
the first chamk>er walls 40 are similarly consisting of 
flexible glove shaped wall parts 42 also protruding 
into the second chamk)er and substantially fitting io 
into the corresponding glove shaped part of the first 
chamber walls defining double-layered gloves 5. 
The glove shaped parts of the second cfiamber 
walls being continuously or sealingty connected to 
the non-protrudng parts of the second chamber is 
walls as illustrated fc^ 43. The resulting double-lay- 
ered flexible glove shaped wall parts 5 allow manip- 
ulation of means or objects within the first chamber 
from a position outside the second chanrt>er wails 
witiiout interrupting or Gmiting the continuation of so 
the second chamber 4 which sut}stantially encloses 
the first chamber. To prevent collapse of the flexible 
glove shaped parts e.g. as a result of a lover total 
pressure within the second chamt)er than within the 
first chamber and the outer adjacent chamber or 2S 
space, the two opposite glove parts are separated 
by means of a non-collapsit)le structure or frame- 
work forming a skeleton between the wall parts 
without interrupting or preventing flow of gas 
between the wall parts. Examples of such a struc- 30 
ture are grids, net-woven or knitted materials, f ber 
materials, communicating cells or lamellas or any 
other structure which is able to prevent collapse of 
tfte wall parts against each other without preventing 
flow of gas between the gloves shaped wall parts. 35 
Suitable materials for establishing said structure 
include rubber, metal, plastic, and natural as well as 
synthetic ft)ers. 

[0096] For aOowing a view into the first chamber of 40 
the worid^ench from a position outskJe, substantially 
opposite parts of the first and second chamber walls 44 
and 45. respectively, are performed of a transparent 
materia) and are continuously or sealingly connected to 
the first and second chamber walls. 1 and 3, respec- 4S 
tively From the figure, it appears that the first and sec- 
ond chamt>er walls define one continuously coherent 
second cfiamber 4 which substantially encloses the first 
chamber except where inlets and/or outiets extend 
tlvough the chamber. A gas inlet 6 to tiie first chamber 50 
is shown which is prevented from communicating with 
the second chamt)er. A gas inlet to the second cfiamber 
for supply of gas is shown by the means 17 and similar 
connections for removal of gas from the first and second 
chamber (not illustrated) are in accordance with the ss 
invention. In addition, an outer releaseable wall part 38 
is shown, and means for a (fispl^ 30 and plug means 
46 are also shown. 



Examples of application of the inv ntion 
Laboratory use: 

A workbench where constant oxygen can t>e maintained 

[0097] Oxygen is t>asic to the metabolism of a wide 
range of living organisms. Among the multicellular ani- 
mals, most have an internal oxygen tension lower than 
the 20.1 Kilo Pascal (kPa) of ambient air at sea level. 
Take man as an exampla Only the living cells of the 
lungs alveoli receive their main oxygen supply at a par- 
tial pressure near that in ambient air. In most of the body 
tissue, the mean tension of the dissolved oxygen is 
about 6 kPa and in the fetus even a bit tower. 
[0098] Oxygen is used throughout the body in 
energy generating chenncaJ processes. whk;h ulti- 
mately results in production of high-energy pfiosphate 
bonds and an exacting of caitx>n dioxkie. Most of the 
oxygen is by far used for energy production in the cell 
organelles named mitochondria. The reaction constants 
for the k^ processes (e.g. oxidative phosphorylation) 
here suggest ttiat energy production may go on unim- 
pededly at oxygen tensions below 1/10th of physk>logi- 
cal levels provkJed that there is a free access to oxygen. 
This might suggest tfiat it is of littie consequence at 
whk;h oxygen concentration human cells are studies, 
the only demand is that pOg is above 1 kPa However, 
recent work in Denmark. Nonway and the United States 
has clearly displayed that other cellular characteristics 
important for normal functions arxJ for disease process 
differ at different oxygen tensions between 20 kPa and 
almost anoxia, ttius, in the tension range where tiie 
ntitochondrial energy production is unaffected. 
1009^ The most well controlled experiments 
include direct measurement of the oxygen partial pres- 
sure in the f luki medium where living cells removed from 
the organism are kept alive (tissue culture). Such stud- 
ies (Ebbesen at al. in Vivo 5: 355-358. 1991 and 
Ebbesen at al. Experimental Gerontology, 28: 573-578. 
1 993) have demonstrated that ceils kept at one half the 
physk>logical oxygen tension have a reduced interferon 
production, an enhanced production of virus, an 
enhanced expression of tiie major histocompatibility 
complex, enhanced proliferation and growth in vitro and 
reduced tendency for spontaneous in vitro transforma- 
tion. whk:h is conversk>n to a cell type reminding off nat- 
ural cancer cells. 

[0100] This means that cell characteristics central 
to infections, immune defence and cancer devek3pment 
are influenced by reduction on the oxygen tension from 
physiological levels to one half or one third of tfiat. 
[01 01 ] Realistic k»ologtcal laboratory work on many 
disease processes where the oxygen tensbns may l>e 
k)cally lowered in the body tiierefore requires equipment 
controlling the oxygen tension. When the oxygen ten- 
sion is atXTve the physiological level in mammalian tis- 
sue such as found in ambient air it is much the same 
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situation as when going below physiological level. Tis- 
sue culture cells from internal rgans grown with free 
access to ambient air as is the standard method world- 
wide have characteristics different from cells kept at 
physiological oxygen partial pressure. Also, here inter- 5 
fer n product! n, virus growth and expression of the his- 
tocompatibility complex are altered. Furthermore, many 
cells grow more slowly at this unphysiological high oxy- 
gen tension. 

[0102] It can therefore t>e stated that present prac- 
tice in most research and production biological laborato- 
ries gives less than optimum imitation of the in vivo 
situation resulting in misleading data and sometimes in 
lowered production of biological material. 
[0103] It is desired to keep the molar concentration 
of oxygen and cart>orK£Qxide in the working space con- 
stant. 

[01 04] If. ag.. the total pressure of the outer space 
P3 (the environment) is 101 kPa and corrposed or the 
following partial pressures of: 20 kPa O2. 0.003 kPa 
CO^, 3 kPa H2O, and 78 kPa N2; and if the work space 
is filled with a gas composition of 2 kPa O2, 5 kPa CO2, 
5 kPa H2O, and 89 kPa N2. i.e. a total pressure of 
101 kPa. then the composition of the gas flushing the 
inner space of the dout)le wall could be composed of 91 
kPa N2 and 5 kPa O2 which gives a total pressure in the 
dout)le wall P2 of 96 kPa, which is less than the total 
pressure in the work spaca By this difference in total 
pressure in the environment and the wak space the dif- 
fusion of oxygen always takes place from the work 
space to the inner space of the dout)le wall, and the oxy- 
gen concentration of the work space will therefore 
always be kept at 2. kPa O2 when the work space is 
flushed with the oompositton and partial pressures of 
gases mentioned above. Corresponding concfitions will 
apply to any other gas that is chosen to be acJjusted. 

Hospital use: 

[0105] Vblatile general anaesthetics are known to 
t>e harmful to the health of the people working in the 
environment of the equ'^ent and of the patients sub- 
jected to the anaesthetk^s. Therefore, in situations 
where volatile general anaesthetk:s such as nitrous 
oxkJe. chloroform, diethyl ettier. isoflurane. enflurane, 
methoxyflurane and halothane or other halogenated 
anaesthetk^ are used the principle of the present inven- 
ti n can be applied both with respect to the equipment 
supplying the gases and to the chamber in which the 
operation on the pation is performed. In addition, the 
subject for the anaesthesia may be enclosed completely 
or partly enclosed in a housing according to the inven- 
tion. 

Diving: 

[0106] Already at a total pressure of approximately 
400 kPa as found for offshore woricers submerged at 30 



metres below the surface t)reathing compressed air 
problems can occur for the divers when they approach 
the surface despite the diving tables supplied to the 
divers. This leads to diving sickness that can be fatal for 
the diver if not treated immediately in a pressure cham- 
ber. In this connection, the housing according to the 
invention comprising a double wall could be applied in a 
suitable manner to the pressure chambers to improve 
the known technology to the benefit of the diver's health. 
A more common corrplication is neaosis capitis femo- 
ris for divers supposedly caused tiy multiple decom- 
pressions. To counteract a too high localized partial 
pressure of nitrogen when the diver is rising abruptly, a 
double-wall cbthing enclosing gas permeable contact 
with the divers body oouM be applied (cf. the prindple of 
the gloves above), the intervening space generated in 
the ctothing being flushed with a gas mixture having a 
partial pressure of nitrogen (arx) a total pressure 
adapted to the situation in the diver) adapted to ensure 
that there will be a positive flux of nitrogen from the 
diver's body into the intervening space but at a regu- 
lated rate which couki be estat)lished by measuring 
equipment constantly measuring or monitoring the total 
pressure and regulating the gas partial pressure in the 
intervening space accordingly so tfiat a t>alanced difu- 
sion of (Sssolved nitrogen wouM occur, counteracting 
any precipitnn of air bubble embolia. 

Welding industry: 

[0107] In the welding industry, especially when 
weldng easily oxidizing material e.g. aluminum, magne- 
sium, no oxygen is desired since oxygen combined with 
heat will simply burn the metal leaving no material left 
when heated. TTierefbre wekfing these materials can 
only be made using an inert gas such as compressed 
argon. The biological disadvantage is that argon in com- 
bination with metal gases has been shown to produce 
lung carcinomas, and therefore pollutkm of argon to the 
environment shoukJ be avokied and the workers shoukJ 
be protected from the exposure to argon. Accordingly, 
the weMing process should preferably be performed by 
the method according to the present invention. 

Buikjings 

[0108] In buikfings in Scandinavia and in North 
America radon diffuses from the earth crust leaving high 
concentrations of argon or radon in the cellars of txjild- 
ings. This could also contrikxjte to an iruxease in fre- 
quency of lung cancer such as small cell lung 
carcinomas seen in these countries. The exposure to 
radon and argon arising from the cellars of buiMlngs 
GOuM be decreased by creating a housing accorcfing to 
the inventk>n with an intervening space substantially 
enclosing th chambers to t>e protected or th doubl 
wall could also be placed t>eneath the i\oors on build- 
ings wher high concentrati ns of such gases ar 
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present and thereby function as a gas collector between 
the floors, preferably t>en6ath 1h cellar of the txjilding. 
Exposure to argon can also be decreased in a similar 
way. 

Reon 

[0109] Collecting freon from the plastic industry. 
(e.g. from the production of styrophoam) and old refrig- 
erators contribute to the degradation of the ozone layer. 
Despite the use of collecting tanks, the outlet of freon to 
the environment continues. Accordingly, the collecting 
of freon should preferably be performed by the mettml 
according to the present invention. 

List of references to the drawings 

[0110] 

1 . first chamber walls 

2. f irst chamber 

3. second chamber walls 

4. second chamber 

5. second chanrtber walls 

6. gas inlet 

7. central gas supply 

8. gastx>ttle 

9. gas flow measuring means 

10. central control unit 

11. valve 

12. gas outlet 

1 3. flow measuring means 

14. valve 

15. recycling of gas 

16. means for measuring gas partial pressure 

17. gas inlet 

18. gas supply 

19. gas bottle 

20. flow measuring means 

21 . gas supply valve 

22. gas outlet 

23. gas flow measuring means 

24. valve 

25. means for measuring gas partial pressure 

26. means for measuring total gas pressure 

27. means for measuring the total gas pressure of 
the gas and/br for measuring the partial pres- 
sure 

28. feed-t>acl( regulation 

29. alarm means . . 
30 . display 

31. illumination systems 

32. gas compressor 

33. gascompressor 

34. gascompressor 

35. fat ring system 

36. glove cuffs 

37. glove cuffs 





reieaseaoie wau pan 


39. 


rele^eable wail part 


40. 


glov shaped parts of the first chamber walls 


41. 


seal 


5 42. 


flexible glove shaped waO parts off the second 




chamber wall 


43b 


seal 


44k 


transparent material of the first chamber walls 


45. 


transparent material off the second chamber 


10 


wails 


46. 


plug means 


50. 


means for measuring the total gas pressure of 




the gas and/or for measuring the partial pres- 




sure 


15 51. 


computer urot 



References 



[Dill] 

20 

Chapman J.D.: "The detection and measurement of 
hypoxic cells in solid tumors'. Cancer 54: 2441- 
2449. 1984. 

25 Clark A. Jr.. Clark P.A.A.. Connett R.J.. Gayeski 
T.E.J. and Honig C.R.: "Hew large is the drop in 
PO2 between cytosd and mitochondrion?*. AM J. 
Physiol. 252 (Cell Physiol 21): C583-C587. 1987. 

30 Denick J.R. and Russell D.: "Oxygen tensions in tis- 
sues". Arch Surg. (Chicago) 88: 1059-1062. 1964. 

Ebbesen P.. Toth F.D.. Villadsen J.A. and Norskov- 
LaurHsen N. "In vitro interferon and virus production 
35 at in vivo pfiysk>k>gical oxygen tensiorvs". In Vivo 5, 
355-568. 1991. 

Ebbesen P., Hager H., Aboagye-Matfuesen G.. 
Petersen RM.. LQtzhoft J., Villadsen. J.A.. Zdravko- 
40 vie M., NerskDv-Lauritsen N., Dalsgaard A.M. and 
Zachar V.: "Physiologic oxygen tensk>n is relevant 
to MHC-1 expression, spontaneous transformation 
and interferon response off in vitro aging murine 
fi>rot)lasts". In press. 1993. 

45 

Gayeski T.E.J.. Connett R.J. and Honig C.R.: "Mini- 
mum intracellular PO2 for maximum cytochrome 
turnover in red muscle in situ". AM J. Physiol 252: 
H906-H915, 1987. 

50 

Hochachka P.W.: "Defence strategies against 
hypoxia and hypothernna". Science 231: 234-241, 
1986. 

55 Jones D.R: "Intracellular diffusion gradients of 

and ATP". AM J. Physiol. 250 (Ceil Physiol 1 9): 663- 
C675. 1986. 



17 



33 



EP0710172B1 



34 



J. Immunol. 138:55;19S7 

Loeffler DA. Junea RL and Heppner G.H.: 'Tvlatu- 
ral killer cell activity under condHi ns reflective of 
tumor micro-environment*. Int. J. Cancer 48(6): 
895-899. 1991 . Biological background of tfie inven- 
tion. 

Nature 288373:1980 

Schrunphe A., Adier I. and Deckwer W.D.: 'Solubil- 
rty of oxygen in electrolyte solutions". Biotechnol. 
Bioeng. 20: 145-150. 1978. 

Sdence 257:401 ;1992 

Shaw D.H. and Pace O.M.: ''Recovery of ceils in 
vitro from the effects of hypoxia and f^peroxia". J. 
Cell Physiol. 73: 119-124. 1969. 

Spier R.E. and Griffilt^. B.: "An examination of the 
data and concepts gemane to the oxygenation of 
cultured animal cells'*. Develop. BkA, Standards 55: 
81-92. 1984. 

Stem M.D.. Chien A.M.. Capogrossi M.C.. Pelto D.J. 
and Lakalta E.G.: "Direct observation of the "oxy- 
gen paradox" in single rat ventricular myocytes". 
Circ. Res. 56: 899^3. 1985. 

Claims 

1. A mettiod for perfomning, at a partkujiar partial 
pressure of a selected gas species in a gaseous 
atmosphere or at a particular total gas pressure of 
a gaseous atmosphere, an operation involving a 
material, comprising performing the operatk)n in a 
housing comprising 

i) first chamber walls defining a first chamber 
containing a gaseous atmosphere and 

ii) second chamt>er walls defining a second 
chamber sut)stantially enclosing the first chanv 
t>er, the second chamber containing a gaseous 
atmosphere between saki first and second 
chamber walls. 

characterised in that 

the operation being performed in the sakJ first 
chamber while 

a) the partial pressure of the selected gas 
species or the total gas pressure in the 
atmosphere of the second chamber is 
lower than the partial pressure of the 
selected gas species or the total gas pres- 
sur , respectively, in th gaseous atmos- 
phere in the first chamber, and 



b) the partial gas pressure of the selected 
gas species or the total gas pressure in tfie 
atmosphere of the second cfiamber is 
lower than the partial pressure of the 
5 selected species r the total gas pressure. 

respectively, of the gaseous atmc^phere in 
an adjacent outer tfvrd chamber or space, 
and 

10 c) the partial pressure of the selected gas 

species of the first chamber is lower ttmn 
the partial pressure of the selected gas 
species in the gaseous atnrx)sphere in the 
adjacent outer tfn'rd chamber or space, or 

IS the total gas pressure in the atmosphere of 

the first chamber is the same or Icwer than 
the total gas pressure in the gaseous 
atmosphere in the adjacent outer third 
chamber or space 

20 

2. A method according to claim 1 . wherein the mate- 
rial is a non-gaseous material. 

3. A method according to daim 1 or 2. wherein the 
25 gaseous atnv)sphere of the outer third chamber or 

space is the ambient atmosphere (air). 

4. A method according to any of claims 1-3. wherein 
the operatk)n is perfomned at a particular partial 

30 pressure of a selected gas species in the atmos- 
phere of the first chamber, the ratio between the 
partial pressure of the selected gas species in the 
second chamber and tiie partial pressure of the 
selected gas species in the first and in tiie adjacent 

35 outer ttiird chamber or space chamber t>eing at Ihe 
most 0.99, such as at tiie most 0.97. e.g. at tiie 
nr)06t 0.96 such as at the most 0.90. 

5. A method according to claim 4. wherein one or sev- 
40 eral gases are supplied to the first chamber, tiie 

composition and^or f k3w of the gas or gases sup- 
plied being adapted to provkJe tiie particular partial 
pressure. 

45 6. A mettiod according to daim 4, wfierein gas is 
removed from tfie second chamber, the composi- 
tion and/or flow of the gas renx>ved being adapted 
to provkje tfie partk^ular partial pressure of the 
selected gas in the first chantber. 

50 

7. A mettiod according to daim 4. wherein one or sev- 
eral gases is/are supplied to the first chamber, and 
gas is removed from th e second chanrt>er. the com- 
position and/or fkiw of the gas or gases supplied 
55 and tiie gas removed, respectively, being adapted 
to prcvkle the particular partial pressure of the 
selected gas in tiie first chamber. 
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a. A method according to daim 4. wherein gas is 
removed from both the frst chamber and the sec- 
ord chamber, the composition and/or flow of each 
of the gases removed being adapted to provide the 
particular partial pressure of the selected gas in the 
first chamber. 

9. A method according to daim 4, wherein one or sev- 
eral gases is/are supplied to the first and/a second 
chamber, and gas is removed from the first and/or 
second chamber, the composition and flow of the 
gas or gases supplied and the gas removed, 
respectively, being adapted to provide the particular 
partial pressure of the selected gas in the first 
chamber. 

10. A method according to any of the preceding claims 
wherein the selected gas is a gas which is present 
in the ambient atmosphere at a partial pressure 
higher tfian the predeterrnned partial pressure of 
the selected gas spedes in the first chamber. 

11. A method according to daim 10 and any of claims 
5, 7 and 9. wherein one or several gases is/are sup- 
plied which has/have a lower molar concentration of 
the selected g^ spedes than the molar concentra- 
tbn corresponding to the predetermined partial 
pressure of tiie selected gas spedes in tiie first 
chamber. 

12. A mettiod according to daim 1 1 , wherein the gas or 
gases supplied is/are substantiaDy free from the 
selected gas spedes. 

13. A method according to daim 10 and any of claims 
6-9, wherein gas is removed which contains the 
selected gas spedes. 

14. A metfiod according to any of daims 1-9, wherein 
the selected gas is a gas present in the anri>ient 
atmosphere at a partial pressure lower than the 
predetermined partial pressure of the selected gas 
spedes in the first chamber arxi the total gas pres- 
sure in the atmosphere of the first chamber is lower 
than the total gas pressure in the gaseous atmos- 
phere in the adjacent outer third charhber or spaca 

1 5. A method according to claim 9 and any of claims 5. 
7 and 9. wherein one or several gasses is/are sup- 
plied which has/have a higher molar concentration 
of the selected gas spedes than the molar concen- 
tration corresponding to the predetermined partial 
pressure of the selected gas spedes in the first 
chamber. 

16. A method according to daim 15, wherein a gas is 
supplied which suk)Stantially consists of th 
selected gas spedes. 



17. A method according to daim 14 and any of claims 
6-9. wherein gas is removed which has a lower 
molar concentration of the selected gas than th 
molar concentration corresponding to the predeter- 

5 mined partial pressure of the selected gas spedes 
in the first chamber. 

18. A method according to any of ttie prececfing daims, 
wherein the first chamber walls comprise a wall part 

10 of a material which permits gas diffusion between 
the chambers. 

19. A metfKxJ according to claim 1 8, wherein the mate- 
rial is a membrane which selectively or preferen- 

15 tially permits diffusion of particular gas spedes or a 
particular gas spedes. 

20. A metiiod according to any of the precedng daims, 
wherein the material in the first chamber comprises 

20 or develops an airtx>me toxic or noxious suk)stance, 
and the toxic or noxious sut)stance is substantially 
prevented from escaping into an adjacent outer 
third chamber or space by k>eing trapped in the sec- 
ond chamber and renxjved from the second cham- 

25 ber. 

21 . A method according to any of the preceding daims. 
wherein the material is bido^'cal material, induding 
biological analogues material, cells and cell compo- 

30 nents. 

22. A method according to any of the preceding daims, 
wherein the operation is performed at an oxygen 
partial pressure of lower ttian ambient oxygen par- 

35 tialpressura 

23. A method according to daim 22, wherein tiie oxy- 
gen partial pressure in the first chamber is at the 
most 18 kPa. such as at the most 14 kPa, ag., at 

40 ttte most 10 kPa. 

24w A method according to claim 22, wherein the oxy- 
gen partial pressure in tiie first chamber is at the 
most 6 kPa, such as at the most 4 kRa, e.g..atthe 
45 most3kPa. 

25. A method according to claim 22, wherein, tiie oxy- 
gen partial pressure in tiie first chamber is at tiie 
most 2 kPa. such as at tfie most 1 kPa, e.g., at the 

50 most 0.5 kPa. 

26. A method according to any of the daims 22-25. 
wherein gas or an airtx>rne sut)stance material 
present in tiie first chamber is sid)stantialty pre- 
ss vented from escaping into an adjacent outer ttiird 

chamber or space by being trapped in the second 
diamberandr moved from the second chamber. 
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27. A method acxx)rding to any of the preceding daims. 
wherein gas arxi/or an airtx)rne material from an 
adjacent uter third chairi^ or space is substan- 
tially prevented from percolate into the first cham- 
ber being trapped in the second chamber and 
renraved from the second chamber. 

28. A housing, in particular tor housing a material while 
an operation involving the material is performed, 
the housing comprising first chamk>er walls defining 
a first chamber containing a first gaseous atmos- 
phere; and second chamber walls defining, 
between said first and second chamber walls, a 
seooTKi chamber substantially .enclosing the first 
chamber arvJ containing a second gaseous atmos- 
phere; characterised by means for maintaining 

a) the partial pressure of a selected gas spe- 
cies or the total gas pressure in the atmos- 
phere of the second chamber lower tfian the 
partial pressure of the selected gas species or 
the total gas pressure, respectively, in the gas- 
eous atmosphere in the first chamber, and 
means for maintaining 

b) the partial gas pressure of the selected gas 
species or the total gas pressure In the atmos- 
phere of the second chamber lower than the 
partial pressure of the selected species or the 
total gas pressure, respectively, of the gaseous 
atmosphere in an adjacent outer third chanter 
or space, and means fbr maintaining 

C) tiie partial pressure of tiie selected gas spe- 
cies of the first chamber lower than the partial 
pressure of the selected gas species in the 
gaseous atmosphere in the adjacent outer third 
chamber or space, or means fbr maintaining 
the total gas pressure in the atmosphere of the 
first chamber In ttie same or lower than the total 
gas pressure In the gaseous atmosphere in the 
adjacent outer ttiird chamber or spaca 

29. A housing according to claim 28 where the material 
is a non-gaseous material. 

30. A housing according to claim 28 or 29, which is 
adapted for housing a biological material or a mate- 
rial analogous thereto, indudng living cells and cell 
conponents. while performing operations on the 
material. 

31. A housing according to any of the claims 28^0. 
wherein the third chant>er or space is the ambient 
atmosphere (air). 

32. A housing according to any of th daims 28-31. 
wherein opposite parts of th first and second 



chamber walls are f lexibia 

33u A housing according to daim 32. wherein the f lexi- 
bte wall parts protrude or may be caused to pro- 
5 trude into the first chamber so as to allm 
manipulation of means a objects wittiin the first 
chamber from a position outside tiie second cham- 
ber walls. 

10 34. A housing according to daim 33. wherein the flexi- 
bie wall parts are glove shaped. 

35. A housing according to any of the daims 28-34, 
wherein opposite parts of ttte first and second 

IS chamber walls are transparent 

36. A housing accoirfing to any of tiie daims 28-35. 
wherein each of the first and second chamt)er walls 

. comprise mutually oppositely arranged first and 
20 second releaseable wall parts. 

37. A housing according to any of the daims 28-36, 
wherein the means tor maintaining a bwer total or 
partial gas pressure in the second chamk>er oom- 

25 prise means fbr supplying a gas into the first cham- 
ber. 

3& A housing according to any of the daims 28-37, 
wherein the means fbr maintaining a lower total or 
30 partial gas pressure in tiie second chamber com- 
prise means for removing gas from the second 
chanter. 

39l a housing according to any of the daims 28-38. 
3S wherein tiie means for maintaining a lower total or 
partial gas pressure in the second chamber com- 
prise means fbr supplying a gas into the second 
chamber. 

40 40. A housing according to any of tiie claims 28-39, 
which additionally comprises means for removing 
gas from the first chamber. 

41. A housing according to any of the claims 28-40, 
45 wherein means for renrxsving a gas spedes by 

chemical conversion of the gas are provided in the 
first and/or the second chanter. 

42. A housing according to daim 41, wherein the 
50 means for renrmng a gas spedes by chemical con- 
version comprises a catalyst 

43. A housing according to any of the daims 33-42, 
wherein the means for maintaining a difference in 

55 gas pressures comprise gas inlets and/or outtets 
extending through and being sealingly connected to 
the second chamber walls. 
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44. A housing according to any of the claims 2&43. 
wherein the means for maintaining a dfference in 
gas pressures comprise inlets and/or outlets 
extending through and Mng sealingly connected to 

th first and second chamber walls. 5 

45. A housing according to any of the claims 2&44. 
wherein means for measuring the partial pressure 
or concentration of a gas is arranged connected to 
the first and/or second charTi>er. 10 

46. A housing according to claim 45. wherein the 
means for nnaintaining a difference in gas pressures 
further comprise alarm means which is operated 
when the gas composition measured acceeds a is 
predetermined limit. 

47. A housing according to claim 43 or 44. wherein the 
means for maintairting a difference in gas pressures 
further comprise rerrxrtely controlled valve means 20 
for controlling gas flow through said gas inlets 
and/br outlets 

48. A housing according to any of the claims 28-47, 
wherein the second chamber comprises radiation 25 
means for inactivating or neutralizing biological 
activity in any biological material present in the sec- 
ond chamber. 

49. A housing according to any of the claims 28-48 30 
wherein the second chanft>er constitutes one con- 
tinuous space. 

50. A housing according to any of the dairvs 28-49 
wherein the second chamber substantially 35 
encloses the first chamber walls except for inlets 
and outlets extending through the second chamber. 

. 51. A housing according to any of the claims 28-50. 
wherein the depth of the wall is t>etween 1-1000 40 
mm. such as between 1-500 mm. such as between 
2-350 mm, such as between 2-200 mm, ag. 2-20 
mm. 

52. A housing according to any of the daims 28-51, 4S 
wherein the ratio between the volume of the second 
charrber and the volume of the first chamber is in 
the range of 10:1-1:1000 such as 1:1-1.-300, ag. 
1:10-1:100. 

so 

53. A housing according to any of the claims 28-52. 
wherein the second chamber constitutes a volume 
which allows laminar flow of the gas contained 
therein. 

55 

54. A garment, in particular a glove, characterised in 
that it comprises a double layered f lexibi material 
comprising a first l^er of a first flexible material and 



a second layer of a second flexible material, the first 
and second layer dining a space there-t>etween 
containing a gaseous atmosphere and means for 
maintaining a lower total pressure of a gas or a 
lower partial pressure of a selected gas species 
within the inner space del Died tyy the first and sec- 
ond layers compared to the outer space of the gar- 
ment and the inner space comprising a third 
flexible material being a material which prevents the 
first and second layer from collapsing against each 
other. 

Patentanspruche 

1. Verfahren zum Ausfuhren eines Vorgar>gs mrt 
einem Material b& einem besb'mmten Teildruck 
einer ausgewdhlten Gasart In einer gasfOrmigen 
Atmosphdre oder bei einem Gesamtgasdruck einer 
gasfOrmigen Atmosphare. das das Ausfuhren des 
Vbrgangs In einem Gehftuse umlasst, das umlasst: 

1 . erste Kammerwarxle. die eine erste Kammer 
kMlden. die eine gasfOrmige Atmosphare ent- 
hdh, und 

2. zweite Kammerwdnde. die eine zweite Kam- 
mer bilden, die im Wesentlichen die erste Kam- 
mer umschlieOt, wobei die zweite Kammer eine 
gasfOrmige Atmosphare zwischen den ersten 
und den zweiten Kammerwanden enthait, 
dadurch gekennzieichnet» dass: 
der Vorgang in der ersten Kammer ausgefOhrt 
wind, wdhrend: 

a) der Teildruck der ausgewdhlten Gasart 
Oder der Gesamtgasdruck in der Atmo- 
sphare d^ zweiten Kamnr>er niedriger ist 
als der Teildruck der ausgewahtten Gasart 
bzw. der Gesamtgasdruck in der gasfOrmi- 
gen AtnKJSphare in der ersten Kammer. 
und 

b) der Teilgasdruck der ausgewdhlten 
Gasart Oder der Gesamtgasdruck in der 
Atmosphare der zweiten Kammer niedri- 
ger ist als der Teildruck der ausgewahtten 
Art bzw. der Gesamtgasdruck der gasfOr- 
migen Atmosphare in einer angrenzenden 
auBeren dritten Kammer bzw. einem 
angrenzenden auBeren dritten Raum, und 

c) der Teildruck der ausgewdhlten Gasart 
der ersten Kammer niedriger ist als der 
Teildruck der ausgewdhlten Gasart in der 
gasfOrmigen Atmosphare in der angren- 
zend nau8eren dritten Kammer l>zw.dem 
angrenzend n auBeren dritten Raum, oder 
der Gesamtgasdruck in der Atmosphare 
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der ersten Kammer dem Qesamtgasdruck 
in der gasWrrrtgen Almosphare in der 
angrenzenden duBeren dritten Kanvner 
bzw. dem angrenzenden fluBeren dritten 
Raum gleich ist Oder niedriger als dieser. 

2. Verfa^en nach Anspruch 1 , wobei es sich bei dem 
Material urn ein nichtgasfOrmiges Material harxlett. 

3. Verfahren nach Anspruch 1 oder 2. wobei cfie gas- 
fOrmige Atmosphdre der duBeren dritten Kammer 
bzw. des duBeren dritten Raums die Umgebungsat- 
mo6phare (Luft) ist. 

4. Verfahren nach einem der Anspruche 1 - 3. wobei 
der Vorgang bei einem bestimmten Taldruck einer 
ausgewahlten Gasart in der Atmosphdre der ersten 
Kammer ausgefOhrt wird, das VerhdHnis zwischen 
dem Teildruck der ausgewahlten Gasart in der 
zweiten Kamm^ und dem Teildruck der ausge- 
wahlten Gasart in der ersten und in der angrenzen- 
den duBeren dritten Kammer bzw. dem 
angrenzenden duBeren dritten Raum maximal 
0,99, etwa maxinnal 0,97, z.B. maximal 0,95, etwa 
maximal 0,90 betragt 

5. Verfahren nach Anspruch 4, wobei der ersten Kam- 
mer ein Oder mehrere Gase zugefuhrt werden und 
die Zusammensetzung und/oder der Strom des 
Gases bzw. der Gase, cfie zugefuhrt werden, den 
bestimmten Teildruck erzeugen. 

6. Verfahren nach Anspruch 4. wobei Gas aus der 
zweiten Kammer entfernt wird und die Zusammen- 
setzung und/oder der Strom des Gases, das ent- 
fernt wird, den k>estimmten Teildruck des 
ausgewahlten Gases in der ersten Kammer erzeu- 
gen. 

7. Verfahren nach Anspruch 4, wobei der ersten Kam- 
mer ein Oder mehrere Gase zugefQhrt wird/werden, 
und Gas aus der zweiten Kammer entfernt wird und 
wot>ei die Zusammensetzung und/bder der Strom 
des Gases bzw. der Gase, die zugefQhrt werden, 
Oder des Gases, das entfernt wird, den bestimmten 
Teildruck des ausgewahlten Gases in der ersten 
Kammer erzeugen. 

8. Verfahren nach Anspruch 4, wobei Gas sowohl aus 
der ersten Kammer als auch der zweiten Kammer 
entfernt wird und die Zusammensetzung und/oder 
der Strom jedes der Gase, die entfernt werden. den 
bestimmten Teildruck des ausgewahlten Gases in 
der ersten Kammer erzeugen. 

9. Verfahren nach Anspruch 4, wobei der ersten 
und/oder der zweiten Kammer ein oder mehrere 
Gase zugefuhrt wird/weiden, und Gas aus der 



ersten und/bder der zweiten Kammer entfernt wild 
und die Zusammensetzung und der Strom des 
Gases bzw. der Gase^ die zugefuhrt werden. oder 
des Gases, das entfemt wird, den bestimmten TeO- 
5 druck des ausgewahlten Gases in d r erst n Kam- 
mer erzeugen. 

ia Verfahren nach einem der vorangehenden AnsprQ- 
che, wobei es sich bei dem ausgewahlten Gas um 
10 ein Gas handelt, das in der Umgebungsatmo- 
sphare bei einem Teildruck vortianden ist der 
h6her ist als der vagegebene Teildruck der ausge- 
wahlten Gasart in der ersten Kammer. 

15 11. Verfahren nach Anspruch 10 und einem der 
Anspruche 5, 7 und 9, wobei ein oder mehrere 
Gase zugefQhrt wird/werden, das/cfie eine niedrige 
Molaritat der ausgewahlten Gasart hat/haben als 
cfie Molaritat, ciie ciem vorgegebenen Teiklruck der 

20 ausgewahlten Gasart in der ersten Kammer errt- 
spricht. 

12. Verfatven nach Anspruch 11, wobei das Gas cxfer 
cfie Gase, das/die zugefQhrt wird/werden, im 
25 Wesentlichen frei von der ausgewahlten Gasart 
ist^nd. 

13b Verfahren nach Anspruch 10 und einem der 
AnsprOche 6 -9, wobei Gas entfemt wird, cJas die 
30 ausgewahlte Gasart enlhait. 

14. Verfahren nach einem der Anspruche 1 - 9, wobei 
es sk;h l>ei dem ausgewahtten Gas um ein Gas 
handelt, das in der Umgebungsatnnosphare bei 

35 einem TeikJruck vortianden ist, der niedriger ist als 
der vorgegek>ene Teildruck der ausgewahlten Gas- 
art in der ersten Kammer, und der Qesamtgasdruck 
in der /Umosphare der ersten Kammer niedriger ist 
als der Gesamtgasdnick in der gasfOrmigen Atmo- 

40 sphare in der angrenzerxjen auBeren dritten Kam- 
mer bzw. dem angrenzenden auBeren dritten 
Raum. 

1& Verfahren nach Anspruch 9 und einem der AnsprQ- 
45 che 5. 7 und 9, wobei ein cxfer mehrere Gase zuge- 
fuhrt wird/werden, das/die eine hOhere Molaritat 
der ausgewahlten Gasart hat/hat>en als die Molari- 
tat, die dem vorgegebenen Teildruck der ausge- 
wahlten Gasart in der ersten Kammer entspricht. 

50 

16. Verfahren nach Anspruch 15. wobei ein Gas zuge- 
fuhrt wird. das im Wesentlichen aus der ausgewahl- 
ten Gasart besteht. 

55 17. Verfahren nach Anspruch 14 und einem der 
AnsprQche 6 - 9. wobei Gas entfemt wird, das eine 
niecirigere Molaritat des ausgewahlten Gases hat 
als die M laritat cfie dem vorgegebenen Teildruck 
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der ausgewdhhen Gasart in der ersten Kammer 
entspricht 

18. Verfahren nach einem der vorangehenden Anspru- 
che. wobei die ersten Kammerwdnde einen Wand- 
teil ines Materials umfassen, das Gasdiffusion 
zwischen den Kammem ermOgOcht. 

19. Verfahren nach Anspnich 18» wobei das Material 
eine Membran ist die selektiv Oder vorzugsMreise 
die Diffusion bestimmter Gasarten Oder einer 
bestimnrten Gasart zutdsst. 

20. Verfahren nach einem der vorangehenden AnsprO- 
che, wobei das Material in der ersten Kammer eine 
schwebende toxische Oder schddliche Substanz 
umfasst Oder entwickelt und die toxische Oder 
schadliche Sii)stanz im Wesentlichen daran gehin- 
dert wird, in eine angrenzende duBere dritte Kam- 
mer, bzw. einen angrenzenden duBeren dritten 
Raum auszutreten. indem sie in der zweiten Kano- 
mer eingeschlossen und aus der zweiten Kammer 
entfernt wird. 

21. Verfahren nach einem der vorangeherxJen AnsprO- 
che, wobei es sich bei dem Material um biologi- 
sches Material einschlieBlich biologischem 
Analogmaterial. Zellen und Zellbestandteilen han- 
delt 

22. Verfahren nach einem der vorangeherxlen AnsprO- 
che, wobei der Vbrgang bei einem Sauerstoff-Teti- 
drudc ausgefuhrt wird. der niedriger ist als der 
UrDgebungsSauerstoff-Teildnjck. 

23. Verfahren nach Anspruch 22, wobei der Sauerstoff- 
TeWruck in der ersten Kammer maximal 18 kPa. 
etwa maximal 1 4 kPa. z.B. maximal 1 0 kPa betrdgt 

24. Verfahren nach Anspruch 22. wobei der Sauerstoff- 
Teildruck in der ersten Kammer maximal 4 kPa, 
elwa maximal 4 kPa, z.B. maximal 3 kPa t)etragL 

25. Verfahren nach Anspruch 22. wobei der Sauerstoff- 
TeiWruck in der ersten Kammer maximal 2 kPa, 
etwa maximal 1 kPa. z.B. maximal 0.5 kPa betrdgt. 

26. Verfahren nach Anspruch 22 - 25, wobei Gas Oder 
ein schwebendes Siibslanzmaterial, das in der 
ersten Kammer vorhanden Ist. im Wesentlichen 
daran gehindert wird. in eine angrenzende duBere 
dritte Kammer, bzw. einen angrenzenden duBeren 
drrtten Raum auszutreten. indem es in der zweiten 
Kammer eingeschlossen und aus der zweiten Kam- 
mer entfernt wird. 

27. Verfahren nach einem der vorangehenden AnsprO- 
che, wobei Gas und/oder ein schwebendes Mate- 



rial aus einer angrenzenden auBeren dritten 
Kammer bzw. einem angrenz^en auBeren dritten 
Raum im Wesentlichen daran gehindert wird. in di 
erste Kammer einzudringen. indem es in der zwei- 
5 ten Kammer eingeschlossen und aus d r zweiten 
Kammer entfernt wird. 

2& Gehause insbesondere zur Aufnahme eines Mate- 
rials, wdhrend ein Vorgang mit dem Material ausge- 

10 fuhrt wird, wobei das Gehause erste 
Kammerwande umfasst, die eine erste Kammer btl- 
den, die eine erste gasfdrmige Atmsphdre enthatt, 
sowie zweite Kammerwande. die zwischen den 
ersten und den zweiten Kammerwanden eine 

75 zwerte Kammer bitden. die im Wesentlichen die 
erste Kammer umschlieBt und eine zweite gasfdr- 
mige Atmosphdre enthaft. gekennzeichnet durch 
Einrichtungea mitdenen: 

20 a) der Teildruck einer ausgewahlten Gasart 

Oder der Gesamtgasdruck in der Atmosphdre 
der zweiten Kammer niedriger gehatten wird 
als der Teildruck der ausgewahlten Gasart bzw. 
der Gesamtgasdruck in der gasf Ormigen Atmo- 

2S sphare in der ersten Kammer. und eine Enrich- 

tung, mit der 

b) der Gasteitdruck der ausgewahlten Gasart 
Oder der Gesanntgasdruck in der Atmosphdre 

30 der zweiten Kammer niedriger gehatten wird 

als der Teildruck der ausgewahlten Gasart bzw. 
der Gesanrrtgasdruck der gasfOrmigen Atmo- 
sphdre in einer angrenzenden duBeren dritten 
Kammer bzw. einem angrenzenden duBeren 

35 dritten Raum, sowie eine Einrichtung, mit der: 

c) der Teildruck der ausgewahlten Gasart der 
ersten Kammer niedriger gehalten wird als der 
Teildruck der ausgewahlten Gasart in der gas- 

40 fOrmigen Atmosphdre in der angrenzenden 

duBeren dritten Kammer bzw. dem angrenzen- 
den duBeren dritten Raum, sowie eine Einrich- 
tung, mit der der Gesamtgasdruck in der 
Atmosphdre der ersten Kammer genauso hoch 

45 gehalten wird wie der Gesamtgasdruck in der 

gasfOrmigen Atmosphdre in der angrenzend 
duBeren dritten Kammer. bzw. dem angrenzen- 
den duBeren dritten Raum, Oder niedriger als 
dieser. 

so 

29. Gehduse nach Anspruch 28, wot^eies sich bei dem 
Material um eine nichtgasfOrmiges Material han- 
deH 

55 3a Gehduse nach Anspruch 28 Oder 29, das ein biolo- 
gisches Material Oder ein dazu analoges Material 
einschlieBlich lebender Zellen und Zellbestandteile 
aufnehmen kann, wdhrend Vbrgange an dem Mate- 
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rial ausgefuhrt warden. 

31. Gehausenacheinemder Anspruche 28-30. wobei 
die dritte Kammer bzw. der dritte Raum die Umge- 
bungsatmoephdre (Luft) IsL 

32. Gehduse nach einem der Anspruche 28 - 31 , wobei 
einander gegenuberliegerxle Teile der ersten und 
der zwerten Kammerwdnde f lexibel eind. 

33. Gehduse nach Anspruch 32, wobei die ftexiblen 
Wandtelle in die erste Kammer hineinragen Oder 
bewirkt weiden kann. dass ste hineinragen, urn 
Manipulation von Einrichtungen oder Objekten In 
der ersten Kammer von einer Position auBerhalb 
der zweiten Kamnr^erwdnde aus zu ermOglichen. 

34. Gehduse nach Anspruch 33, wobei die flexiblen 
Vy^andteile handschuhfOrnrng sind. 

35. Gehduse nach einem der Anspruche 28 - 34, wobei 
die einander gegenuberliegerKlen Teile der ersten 
und der zweiten Kammenwdnde transparent sind. 

36. Gehduse nach einem der AnsprOche 28 - 35, wobei 
jede der ersten und der zweiten Kammerwdnde 
einander gegenubertiegend angeordnete erste und 
zweite lOsbare W^uidteile umfasst. 

37. Gehduse nach einem der Anspruche 28 - 36. wobei 
die Einrichtung. mrt der ein niedriger Gesamt- Oder 
Teilgasdruck in der zweiten Kammer aufrechterhal- 
ten wird. eine Einrichtung zum Zufuhren eines 
Gases in die erste Kammer umfasst 

38. Gehduse nach einem der Anspruche 28 - 37. wobei 
die Einrichtung, mrt der ein niedriger Gesamt- Oder 
Teilgasdruck in der zweiten Kammer aufrechterhal- 
ten wird. eine Einrichtung zum Entfemen von Gas 
aus der zweiten Kammer umfasst. 

39. Gehduse nach einem der Anspruche 28 - 38. wot>ei 
die Einrichtung. mit der ein niedriger Gesamt- oder 
Teilgasdruck in der zweiten Kammer aufrechterhal- 
ten wild, eine Einrichtung zum ZufOhren eines 
Gases in die zweite Kammer umfasst. 

40. Gehduse nach einem der Anspruche 28 - 39. die 
zusatzlk;h eine Einrichtung zum Entfemen von Gas 
aus der ersten Kammer umfasst 

41 . Gehduse nach einem der Anspruche 28 - 40, wobei 
eine Einrichtung zum Entfemen einer Gasart durch 
chemische Umwandlung des Gases in der ersten 
und/bder der zweiten Kammer vorhanden ist. 

42. Gehduse nach Anspruch 41, wobei die Einrichtung 
zum Entfemen ein r Gasart durch chemische 



Umwandlung einen Katalysator umfasst 

43. G hduse nach einem der Anspruche 33 -42. wobei 
die Einrichtung, mit der ein Differenz der Gas- 
5 drucke aufrechtertmft^ wird. Gaseinlasse 
und/oder -auslasse umfasst die sich durch die 
zweiten KammerwdrvJe hirxiurch erstrecken. urxJ 
cSchtend mit ihnen veibunden sind. 

10 44. Gehduse nach einem der AnspnQche 28 - 43 wobei 
(£e Einrichtung. mit der eine Differenz der Gas- 
drOcke aufrechterfialten wird. Einlasse und/oder 
Auslasse umfasst die sk^h durch die ersten und die 
zwerten Kammenwdnde hindurch erstrecken und 

75 dchtend mit ihnen vertxjnden sind. 

4& Gehduse nach einem der AnsprOche 28 -44, wobei 
eine Einrichtung zum Messen des Teildrucks oder 
der Kbnzentration eines Gases mit der ersten 
20 und/oder der zweiten Kammer verixinden angeord- 
netist. 

46. Gehduse nach Anspruch 45, wobei cfie Einrichtung, 
nrtit der eine Differenz der Gasdrucke aufrechterhal- 
25 ten wird, des Weiteren eine Alarmeinrichtung 
umfasst, die t>etdtigt wird. wenn die gemessene 
Gaszusammensetzung einen vorgegebenen 
Grenzwert ut>ersteigt. 

30 47. Gehduse nach Anspruch 43 Oder 44. wobei die Ein- 
ricfitung, mrt der eine Differenz der GasdrOcke auf- 
rechterhaRen wird. des Weiteren femgesteuerte 
Ventileinrichtungen umfasst. die den Gasstrom 
durch die Gaseinlasse und/bder - auslasse steu- 

35 ern. 

48. Gehduse nach einem der AnsprOche 28 - 47. wobei 
die zweite Kammer eine StraHungseinrichtung 
umfasst, die biok)gische Aktivitdl in jeglk;hem bido- 

40 gischen Material, das sich in der zweiten Kammer 
bef indet. deaktiviert oder neutralisiert 

49. Gehduse nach einem der AnsprOche 28 - 48, wobei 
de zweite Kammer einen durchgehenden Raum 

45 bildet 

50. Getiduse nach einem der AnsprOche 28 - 49, wobei 
die zweite Kammer im Wesentiichen die ersten 
Kammenwdnde bis auf die Einlasse und die Aus- 

50 lasse umschlieBt die sich durch die zweite Kam- 
mer hindurch erstrecken. 

51. Gehduse nach einem der AnsprOche 28 -50. wobei 
dieTiefederW^zwischen 1 und 1000 mm, etwa 

55 zwischeni und 500 mm, etwa zwischen 2 und 350 
mm, ^wa zwischen 2 und 200 mm, z.B. 2 und 20 
mmiiegt 
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52. QehaiJsenacheinemderAnsprOche28-51,wobei 
das Verhdttnis zwischen dem Volumen der zweiten 
Kammer und dem Vblumen der ersten Kammer im 
Bereichvc3n 10:1-1:1000. etwa 1:1-1:300, z.B. 1:10- 
1:100 liegt 

53. Gehduse nach einem der Anspruche 28 - 52, wobei 
die zweite Kammer ein Volumen bildet, das Lami- 
narstrOmung des darin enthalterxJen Gases ermOg- 
licht. 

54. KleidungsstucK insbesondere ein Handschuh, 
dadurch gekennzeichnet, dass er ein zwelschich- 
tiges flexibles Material umfasst das eine erste 
Schicht aus einem ersten flexitrfen Material und 
eine zweite Schicht aus einem zweiten flexiblen 
Material umf a ss t , wobei die erste und die zw^e 
Schicht einen Raum dazwischen bilden, der eine 
gasfOrmige Atmosphdre enthait, und eine Einrich- 
tung. mit der ein im Vergleich zum duBeren Raum 
des Kleidungsstucks niedrigerer Gesamtdruck 
eines Gases Oder ein niedrigerer Teildruck einer 
ausgewdhlten Gasart in dem Innenraum. der durch 
die erste und cfie zweite Schicht gebikiet wird, auf- 
rechterhatten wird. und der Innenraum, der ein drit- 
tes fiexbles Material umfasst ein Material ist. das 
verhindert dass die erste und die zweite Schicht 
zusammengedruckt werden. 

Revendtcations 

1. Proc6d6 pour effectuer, k une pression partielle 
particuli^e d'une esp^ce gazeuse &6lectionn6e 
devis une atmosph^e gazeuse ou k une pression 
gazeuse totale particuli^re d'une atnrx)sph^e 
gazeuse, une operation impliquant un materiel, 
comportant r6tape consistant d effectuer {'opera- 
tion dans une enceinte, comportant 

i) des premises parois de chambre d6f inissant 
une premiere chambre contenant une atmos- 
ph^e gazeuse, et 

ii) des secondes parois de chamtxe d6f inissant 
une deuxi^e chambre enfermant pratique- 
ment la premise chambre, la deuxi^me cham- 
bre contenant une atmosphere gazeuse entre 
lesdites premises et secondes parois de 
chambre. 

caract6ris6 en ce que 

reparation est effectu6e dans ladrte premise 
chambre alors que 

a) la pression partielle de Tesptee 
gazeuse s6lectionn6e ou la pression 
gazeuse totale dans Tatmosph^re de la 
deuxi^me chambre est inf^rieure k la pres- 
sion partielle de I'esp^ gazeuse s^iec- 
tionn6e ou k la pression gazeuse totale. 



respectivement. dans I'atmosph^e 
gazeuse de la premise chamt)re, et 

b) la pression gazeuse totale de I'esptee 
gazeuse s6lectionn6e ou la pression 

5 gazeuse totale dans ratnx}sph^e de la 

deuxi^e chambre est inf^rieure k la pres- 
sion partielle de t'espk^ s61ectionn6e ou 
d la pression gazeuse totale. respective- 
ment, de Tatmosph^e gazeuse dars une 

10 troisi^e chambre. ou espace. ext6rieure 

adjacente, et 

c) la pression partielle de I'esp^ 
gazeuse s6lectionn6e de la premise 
chambre est Inf6rieure k la pression par- 
rs tielle de Tesp^e gazeuse s§lectionn6e 

dans Tatmosphdre gazeuse dans la troi- 
si^me change, ou espace, ext^rieure 
adjacente. ou la pression gazeuse totale 
dans i*atmosph^e de la premise chambre 
20 est inf^rieure ou ^le k la pression 

gazeuse totale de Tatmosph^re gazeuse 
dans la troisi§me chambre, ou espace, 
ext^rieure adjacenta 

25 2. Proc6d6 selon la revendcation 1, dans lequel le 
materiel est un materiel non-gazeux. 

3. Proc6d6 selon la revendication 1 ou 2, dans lequel 
Tatmosphdre gazeuse de la troisi^me chambre 

30 ext^eure. ou espace, est Tatmosphdre ambiante 

(air). 

4. Proc6d6 selon I'une quelconque des revendtcations 
1 & 3. dans lequel t'op6ration est effectute k une 

35 pression partielle particuli^e d'une esp^ 
gazeuse s6lectionn§e dans I'atnrxjsph^e de la pre- 
mise chamtxe, le rapport entre la pression par- 
tielle de resp^ gazeuse s^ectionn6e dans la 
deuxi^me chambre et la pression partielle de 

40 respdce gazeuse s6lectionn6e dans la premkre et 
la troisi^me chambre, ou espace, ext^rieure atga- 
cente 6tant au plus de 0,99, tel qu'au plus 0,97. par 
example au plus 0,95 tel qu'au plus 0,90. 

45 5. Proc6d6 selon la revendication 4, dans lequel unou 
plusieurs gaz sont aliment^s dans la premise 
chambre, la composition et/ou I'^coulement du gaz 
ou des gaz aliment6s 6tant adapt6s pour foumir la 
pression partielle particuli^e. 

50 

6. Proc^e selon la reverxJication 4, dans lequel un 
gaz est retire de la deuxi^me chambre, la composi- 
tion et/ou I'toxjlement du gaz retire 6tant adapt^s 
pour foumir la pression partielle particulidre du gaz 

ss s6lectionn6 dans la premise chambre. 

7. Proc^e selon la revendication 4, dar^ lequel un ou 
plusieurs gaz sont aliment6s dans la premise 
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chambre. et un gaz est retir6 de la deuxi^me cham- 
bre. la conposilion et/ou T^ulement du gaz ou 
des gaz aOm nt6s et du gaz retir6. respectivement, 
6tant adaptte pour Ibumir la pression partielle par- 
ticuli^re du gaz s6lectionn6 dans la premise cham- 5 
bre. 

8w Proc6d6 selon la revendication 4, dans lequel un 
gaz est retire k la Ibis de la premise chambre et de 
la deuxi^nfie chambre. la composition et/bu T^cou- 10 
lernent de chacun des gaz retires 6tant adapt^s 
pour fournir la pression partielle particuli&re du gaz 
s6lectionn6 dans la premise chambra 

9. Proc6d6 selon la re\^endicat'on 4, dans lequel un ou is 
plusieurs gaz sont aliment6s dans la premise et/ou 
deuxi^e chambre, et un gaz est retire de la pre- 
mise et/ou deuxi^me chambre. la composition et 
rtoxjlement du gaz ou des gaz aliments et du gaz 
retir6, respectivement. 6tant adapt^s pour tbumir la 20 
pression particuli^e du gaz s^ectionn6 dans la 
premiere chanrtire. 

1 0. Proc6d6 selon I'une quelconque des revencfications 
prte^dentes. dans lequel le gaz s61ectionn6 est un 2s 
gaz qui est present dans Tatmosph^re ambiante d 
une pression partielle sup6rieure d la pression par- 
tielle pr6d6termin6e de Tesptee gazeuse s^ection- 
n§e dans la premise chambre. 

30 

11. Proc6d6 selon la revendication 10 et Tune quelcon- 
que des revendications 5, 7 et 9. dans lequel un ou 
plusieurs gaz sont aliment^s ayant une concentra- 
tion molaire de I'espdce gazeuse s6lectionn6e inf6- 
rieure k la concentration molaire correspondant ^ la 35 
pression partielle pr6d6termin6e de Tesptee 
gazeuse s6lectkxin6e dans la premise chambre. 

12. Proc6d6 selon la revendication 11, dans lequel le 
gaz ou les gaz aliment^s sont pratiquement 40 
exempts de Tespk^e gazeuse s^lectionn^e. 

13. Proc6d6 selon la revendication 10 et Tune quelcon- 
que des revendicalions 6^9, dans lequel est retire 

un gaz q\n oontient I'esp^ce gazeuse s6lectionn6e. 45 



que des revendications 5. 7 et 9. dans lequel un ou 
plusieurs gaz sorrt aliment6s ayant une concentra- 
tion molaire de Tesp^ gazeuse s^ectionn6e 
sup^rieure k la concentration molaire correspon- 
dant k la pression parti He pr6d^ermin6e de 
resptee gazeuse 861ectionn6e dans la premise 
chambre. 

16. Proc6d6 selon la revendication 15, dans lequel un 
gaz est aliments qui est constitu6 essentieUement 
de resp^ gazeuse s^ectionnte. 

17. Proc^6 selon la revendication 14 et Tune quelcon- 
que des revendications 6^9, dans lequel est retire 
un gaz qui a une concentration nrK>laire du gaz 
s6lectionn6 inf^rieure k la concentration molaire 
correspondante k la pression partielle pr^^ternti- 
n6e de I'esp^ gazeuse s^ectionn^ dans la pre- 
miere chambre. 

1 8. ProcM6 selon Tune quelconque des revendications 
pr^c^entes, dans lequel les premieres parois de 
chambre comportent une parte de parol constitute 
d'un mat^el qui pennet une dffusion gazeuse 
entre les chambres. 

19. Proc^t selon la revendcation 18. dans lequel le 
materiel est une membrane qui permet de mani^e 
selective ou pr6f6rentielle une dffusion d*espdces 
gazeuses particuli^es ou cTune esp^ gazeuse 
particuli^re. 

20. Proc^§ selon Tune quelcorxiue des revendications 
pr6c6dentes, dans lequel le mat6riel dans la pre- 
mise chambre comporte ou d6veloppe une sut)S- 
tance toxique ou nocive en suspension dans Pair, et 
la sut>stance toxique ou nocive ne peut pratique- 
ment pas s*6chapper vers une troisi^e chambre. 
ou espace. exttrieure adjacente en 6tant pi6g6e 
dans la deuxidme chambre et retiree de celle-ci. 

21. Proc^d selon Tune quelconque des revendications 
pr6c6dentes. dans lequel le materiel est un mate- 
riel biologique, induant un materiel analogue biolo- 
{pque, des cellules et des composants cellulaires. 



14. Precede selon I'une quelconque des revendications 
1 e 9, dans lequel le gaz seiectionn6 est un gaz pre- 
sent dans Tatmosphere ambiante k une pression 
partielle inferieure k la pression partieDe pr6deter- .so 
minee de I'espece gazeuse seiectionnee dans la 
premiere chambre et la pression gazeuse totale 
dans I'atmosphere de la premiere chambre est infe- 
rieure k la pression gazeuse totale dans Tatmos- 
phere gazeuse de la troisieme chambre, ou 55 
espace. exterieure ^jacenta 

15. Precede selon la revendicatbn 9 et Tune quelcon- 



22. Precede selon Tune quelconque des revendications 
precedentes. dans lequel Toperation est effectuee k 
une pression partielle en oxygene inferieure k la 
pression partielle en oxygene ambiante. 

23. Procede selon la revendication 22, dans lequel la 
pression partielle en oxygene dans la premiere 
chambre est d'au plus 18 kPa, telle qu*au plus 14 
kPa. par exemple au plus 1 0 kPa. 

24. Precede selon la revencRcation 22, dans lequel la 
pression partielle en oxygene dans la pr mier 
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chambre est d'au plus 6 kPa. telle qu*au plus 4 kPa, 
par exenrple au plus 3 kPa 

25. Proc^6 selon la revendication 22, dans lequel la 
pression parti He en oxyg^e dans la premiere 
chambre est d*au pits 2 kPa, telle qu'au plus 1 kPa, 
par example au plus 0,5 kPa. 

26. Proc6d6 selon Tune quelconque des revendications 
22 k 25. dans lequel un gaz ou un materiel de subs- 
tance en suspension dans Pair pr^nt dans la pre- 
miere chambre ne peut pratiquement pas 
s*6chapper vers une troisi^me chambre. ou 
espace, aclacente ext6rieure, en ^ant pi6g6 dans 
la deuxi^me chambre et retir6 de ceile-ci. 



espace, acQacente ext6rieure. ou des moyens 
destines k maintenir la pression gazeuse totale 
dans i'atmosph^re de la premise chambre 
lnl6rieureou6gal d la pression gazeuse totale 
5 dans ratmosph^re gazeuse de la troisieme 

chambre. ou espace. adjacente ext6rieure. 

29. Enceinte selon la revendication 28, dans laquellele 
materiel est un materiel non-gazeux. 

10 

30. Enceinte selon la revendication 28 ou 29. qui est 
adapt^e pour enfermer un materiel biologique ou 
un materiel analogue ^ celui-d. induant des cellu- 
les vivantes et des oomposants cellulaires, tout en 

IS effectuant des operations sur le material. 



27. Proc6d6 selon Tune quelconque des revendications 
precedentes, dans lequel un gaz et/ou un materiel 
en suspension dans fair provenant d'une troisieme 
chambre, ou espace, acQacerrte exterieure ne peut 
pratiquement pas s*infiltrer dans la premiere cham- 
bre en etant piege dans la deuxieme chambre et 
retire de celle-ci. 

28. Enceinte, destinee en particulier k enfermer un 
materiel alors qu*une operation impliquant le mate- 
riel est effectuee, I'enceinte oomportant des pre- 
mieres parois de chambre del inissant une pren^ere 
chambre contenant une premiere atmosphere 
gazeuse, et des secondes parois de chambre def i- 
nissant. entre lesdites premieres et secondes 
parois de chambre. une deuxieme chambre enfer- 
mant pratiquement la premiere chambre et conte- 
nant une seconde atmosphere gazeuse, 
caracterisee par des moyens destines k maintenir 

a) la pression parlielle d*une espece gazeuse 
seiectionnee ou la pression gazeuse totale 
dans Tatmosphere de la deuxieme chambre 
inferieure e la pression partielle de I'espece 
gazeuse seiectionnee ou e la pression 
gazeuse totale, respectivement, dans Tatmos- 
phere gazeuse de la premiere chambre, et des 
moyens destines k maintenir 

b) la pression gazeuse partielle de Tespece 
gazeuse seiectionnee ou la pression gazeuse 
totale dans Tatmosphere de la deuxieme 
chamtxe inferieure k la pression partielle de 
I'espece seiectionnee ou e la pression gazeuse 
totale, respectivement, de Tatmosphere 
gazeuse dans une troisieme chambre, ou 
espace, adjacente exterieure, et des moyens 
destines k maintenir 

c) la pression partielle de Tespece gazeuse 
seiectionnee de la premiere chambre infe- 
rieure k la pression parti lie de Tespece 
gazeuse seiectionnee dans I'atmosphere 
gaz use dans la troisieme chambre, ou 



31. Enceinte selon Tune quelconque des revendica- 
tions 28 k 30, dans laquelle la troisieme chambre, 
ou espace, est Tatmosphere ambiante (air) . 

20 

32. Enceinte selon I'une quelconque des revendica- 
tions 28 e 31 , dans laquelle des parties opposees 
des premieres et secondes parois de chambre sont 
flexiUes. 

25 

33. Enceinte selon la revendication 32, dans laquelle 
les parlies de paroi flexibles font saiDie ou peuvent 
^e amenees k faire saillie dans la premiere cham- 
txe de maniere k permettre une manipulation des 

30 nrx>yens ou objets situes dans la premiere chambre 
depuis une position situee k Texterieur des secon- 
des parois de chanrt)r& 

34. Enceinte selon la revendication 33, dans laquelle 
35 les partiesde paroi flexibles ont la forme de gant. 

35. Enceinte selon Tune quelconque des revendica- 
tions 28 k 34, dans laquelle des parties opposees 
des premieres et secondes parois de chambre sont 

40 transparentes. 

36. Enceinte selon Tune quelconque des revendica- 
tions 28 k 35, dans laquelle chacune des premieres 

secondes parois de chambre comporte des pre- 
45 miere et seconde parties de paroi separables agen- 
cees mutuellement en vis-d-vis. 

37. Enceinte selon I'une quelconque des revendica- 
tions 28 k 36, dans laquelle les nxsyens destines k 

50 maintenir une pression gazeuse partielle ou totale 
inferieure dans la deuxieme chambre comportent 
des nrx>yens destines k alimenter un gaz dans la 
premiere chambre. 

55 38. Enceinte selon I'une quelconque des revendica- 
tions 28 k 37, dans laquelle les moyens destines k 
maintenir une pression gazeuse partielle ou totale 
inferieure dans la deuxieme chambre comportent 
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des moyens destinte k retirer un gaz de la 
deux]dmechani)re. 

39. Enceinte selon Tune queloonque des revendica- 
tions 28 ^ 38, dans laquelle les moyens destines k 
maintenir une pression gazeuse partielle ou totale 
inf^rieure dans la deuxi^e chambre connportent 
des moyens destines k alimenter un gaz dans la 
deuxidme chambre. 

40. Enceinte selon Tune queloonque des revendica- 
tions 28 k 39, qui comporte de maru&re suppl^en- 
taire des moyens destines k retirer un gaz de la 
premiere chambre. 

41. Enceinte selon Tune queloonque des reverxJica- 
tions 28 k 40, dans laquelle des moyens destines k 
retirer une espdce gazeuse par conversion chimi- 
que du gaz sont agenc^ dans la premise et/ou 
deuxi^me chambre. 

42. Enceinte selon la revendication 41, dans lac^elle 
les moyens destines k retirer une esp^ gazeuse 
par conversion chimique comportent un catalyseur. 

43. Enceinte selon Tune queloonque des revendica- 
tions 33 k 42. dans laquelle les moyens de6tin6s k 
maintenir une difference de pression gazeuse conrv 
portent des entries et/ou sorties gazeuses s'6ten- 
dant k travers les secondes parois de chambre et 
etant connect^es de mani^re 6tanche k celles-d. 

44. Enceinte selon rune queloonque des revendica- 
tions 28 d 43, dans laquelle les moyens destines k 
maintenir une difference de pression gazeuse com- 
portent des entries et/ou des sorties s'^terxiant k 
travers les premieres et secondes parois de cham- 
bre et etant connect6es de mani^re etanche k cel- 
les-d. 

45. Enceinte selon Tune queloonque des reverxlica- 
tions 28 k 44, dans laquelle des moyens destines k 
mesurer la pression partielle ou la concentration 
d'un gaz sont agenc6s en 6tant connectte k la pre- 
miere et/6u deuxieme chambra 

46. Enceinte selon la revendication 45, dans laquelle 
les moyens destines k maintenir une difference de 
pression gazeuse comportent de plus des nrxiyens 
d'alarme qui sont actionnes lorsque la composition 
gazeuse mesuree depasse une Umrte predetermi- 
nee. 

47. Enceinte selon la revendication 43 ou 44, dans 
laquelle les moyens destines k maintenir une diffe- 
rence de pression gazeuse comportent de plus des 
moyens d soupape commandes k distance pour 
commander un ecoulem nt gazeux k travers lesdi- 



tes entrees et/ou sorties gazeuses. 

48. Enceinte selon Tune queloonque des revendica- 
tions 28 k 47, dans laquelle la deuxieme chambre 
5 comporte des nx)yens de rayonnement pour inacti- 
ver ou neutraliser une activite biologique dans tout 
materiel biologique present dans la deuxieme 
chambra 

10 49. Enceinte selon Tune quelconque des revendica- 
tions 28 e 48, dans laquelle la deuxieme chambre 
oonstitue un espace continu. 

50. Enceinte selon I'une quelconque des revendica- 
15 tions 28 k 49. dans l^uelle la deuxienie chambre 
enferme pratiquement les premieres parois de 
chambre k Texception des entrees et des sorties 
s*etendant k travers la deuxieme chambra 

20 51. Enceinte selon Tune quelconque des revendica- 
tions 28 k 50, dans laquelle la profondeur de la 
parol est comprise entre 1 et 1000 mm, telle 
qu'entre 1 et 500 mm, telle qu'entre 2 et 350 mm, 
telle qu'entre 2 et 200 mm, par exemple entre 2 et 

25 20 mm. 

52. Enceinte selon Tune quelconque des revendica- 
tions 28 e 51, dans laqudle le rapport entre le 
volume de la deuxieme chambre et le volume de la 

30 premiere chambre se trouve dans la plage allant de 
10:1 k 1:1000 telle que 1:1 k 1:300, par exemple 
1:10 e 1:100. 

53. Enceinte selon Tune quelconque des revendica- 
35 tions 28 e 52, dans laquelle la deuxienie chambre 

oonstitue un volume qui permet un ecoulement 
laminaire du gaz oontenu k llnterieur. 

54. vetement en particulier un gant caracterise en ce 
40 quil comporte un materiel flexilsle k dout)le couche 

comportant une premiere couche constituee d*un 
premier materiel fl6xit>le et une seconde couche 
constituee dun deuxieme materiel flexible, la pre- 
miere et la seconde couche definissant un espace 

45 entre celles-d contenant une atmosphere gazeuse, 
et des moyens pour maintenir une pression totale 
d'un gaz inferieure ou une pression partielle d'une 
espece gazeuse seiectionnee inferieure dans 
Pespace interieur def ini par les premiere et seconde 

50 couches par comparaison k I'espace exterieur du 
vetement, et Tespace interieur comportant un troi- 
sieme materiel flexible qui est un materiel qui 
empeche que les premiere et seconde couches ne 
s'affaissent Tune centre Tautre. 
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